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A chassis assembly housing a plurality of modules, each 
module having a ngid case with four beveled ccK-aers. Small 
contact area guide rails in the chassis engage each module to 
provide a high piedsioa alignment between high density 
contacts of the chassis backplane, and the back side <^ each 
module. Each module has a side lid that is snap fit for easy 
removal (hereof and access to the circuit components housed 
within the module case. Eadi module, which is about the 
size oi a cigarette package, can accommodate hundreds^ 
y)cket contacts whichrnate with CQgespondi ng pins in the 
chassis baclqplane. 

35 Claims, 8 Drawing Sheets 
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MODULE WITH SNAP-FIT COVER While the utilization of printed circuit boards with com- 
ponents soldered thereto has experienced a significant 

success, inherent disadvantages still exist. For exanq)ie. the 

TECHNICAL HELD OF THE INVENTION coi^nents extending from the printed circuit board arc 

The present invention relates in general to the con^)act 5 subject to damage especially when stacked or iDventoried 

integration of circuit modules in a chassis, and more par- together without paddng matcnal therebetween. Farther, 

ticularly to a technique for providing a high density inter- the physical handling of such circuit boards when insetting 

connection between multi-pin circuit modules, by way of a or renK>ving the same from tiie chassis, subjects die exposed 

high density conductor chassis backplane. components to damage or short circuiting with other com- 

BACKGROUND OF THE INVEOTION 10 ponents. ^ ^ ^ . . ... 

It can be seen from the f oregomg that a need exists for an 

Constant efforts are directed toward the miniaturization of inmroved printed circuit module design diat provides pro- 

clcctrical circuits and con^ncnts Id thereby increase the components thereof from the environment as 

arcmt density per unit area. The integrated circuit tedmol- ^ ^j^^j, ^ ^ ^^^^ intcrconnectivity to a 

ogy has made significant advances in the development of the 15 badrolane. A further need exists for a technique to provide 

semiconductor layout masking equipment steppers, etc., to self-alignment of high density pins/sockets between a 

thcrdjy form a greater number of transistor circuits onto a . ^^^^ ^^^^ ^ bactolane to thereby prevent 

smaUer area of the semiconductor material. Further, the ^^^^ ^ misalignment of the resptctivc pins and sockets, 

mmiaturization of con^Kments and the hybridization thereof yet another need exists for an interconnection technique 

into encapsulated modules is an ongoing endeavor toward 20 between a high density socket of the printed circuit mbdule. 

die miniaturization of electocal circuUs. Advantage is taken ^ ccnesponding high density pin arrangement of a 

of the smaller size of the craipoDcnts, encapsulated baclq>lane, whUe yet maintaining the assembly i^occdurc 

modules, mtcgrated cncmts, etc. by allowing many more of relatively unconmlicatcd and maintaining a high degree of 

such components to be interconnected on a printed Cffoiit reliability 

board. Indeed, printed circuit boards themselves have mill- 25 

tiple layers of conductors* as well as high density conductors SUMMARY OF THE INVENTION 
to thereby fadHtate the interconnection of the many com- 
ponents mounted thereto. ^ accordance with the prindfdes and concepts of the 

Notwithstanding the ongoing miniaturization of l»escnt invention, tiwtc is disclosed a chassis assembly that 

cofiqKments, such components are still required to be inter- 30 provides a high d^ee of intcrconncctability between the 

connected together not only by way of the printed circuit iwinted circuit modules by way of a high density amductor 

boards noted above, but such printed circuit boards, or backplane. In accordance with other aspects of the 

modules, are also often interconnected togedwx in a chassis. iDvention, the printed drcuil modules are enclosed so as to 

Acommontcchmqueforhousinganumbcrofprinteddrcuit I^<*ect die OMnponents from physical damage, while yet 

modules is to fwovidc mctalUc cxmtacts on one or both 35 allowing easy aoccssability to the components when adjust- 

opposing edge surfaces of the printed drcuit board, and a ^ ^ required. Further, the particular sUding 

corresponding female connector mounted in the chassis. In engagement cnqiloycd between fee printed circuit naodules 

this manner, when the printed circuit board is inserted into ^ diassis guide raUs provide a high degree of align- 

the chassis by way of guide rails, fee edge conductors between fee high density pins and sockets, 

automatically mate with corresponding connector contacts. 40 ^ aocordanoe wife the prefeired embodiment of the 

Moreover, fee connectors are interconnected wife ofeer invention, a module case provides physical protection to one 

connectors by wires that are often manually or automatically or more printed drcuit boards housed therein. Each printed 

wound around terminals extending frcmi the connectoc circuit board has a back edge thereof wife miniature socket 

Instead of tiic hard wired interconnections between diassis contacts soldered to ccnesponding pads on each side 

connectors, a multi-layer b8c]q>lattes are oflra utilized to 43 thereof, feerebyproviding a high density of interconnections 

provide fee interconnections between die connectors. In this to OQne^x>nding n diriatufe pin contacts in a ch assis back- 

instance, fee connects terminals are scddered into fee back- playic. The s ocket i^anbers or each pnniea gram ix>gdLffl e 

plane conductors. Alfeough feis printed drcuit board back- maint ained aliened and housed wifein an insulator board to 

idane is relatively esipensive, it reduces fee time required to tfacrcby^prcvcnt physical damage cm: mis ali gn ment of the 

assemble a complete chassis and connector intercoimec- 50 individual sockets. The protective case oi each muiti-board 

tions. module is preferaMy formed of a metallic material to 

While fee foregoing chassis assembly functions very well provide a high degree of heat transfer from fee module to the 

for its intended purpose, a problem arises when it is desired diassis via fee guide rails. FUrfeer* eadi protective case is 

to increase the number of connections between fee printed formed so as to have one vertical metallic side fetteof 

circuit modules and fee connectors. One api»oach has been 55 removaWe, thereby ejqwsing fee components for r^wir or 

to singly extend fee lengfe ctf fee printed circuit board edge adjustment. The side cover of fee case is removaWy attached 

to accommodate more contacts, but this solution requires a by way of a snap-lock arrangement A faceplate portion of 

larger connecter and chassis, Anofeer technique is to mount fee case indudcs a hinged puU-tab to allow easy removal of 

a separate, small printed wire board to fee printed drcuit fee module from fee diassis. The module is r^ained in the 

board, but spacedfeerefrom. wife wiring interconnecting fee 60 diassis by way of fee sliding friction contact between the 

two. so that a pair of edge connectors can be utilized for fee miniature pins and sockets. 

circuit module. Yet anofeer ^iproadi has singly been to The protective case that houses one or more printed 

reduce fee size and spacing between fee edge contacts of a circuit boards, or other types of dectrbnic assemblies, is 

printed circuit board, thereby increasing fee density of fee preferably pocket-sized for easy transporting of the same, 

contacts. This tedinique can be utilized to fee extent that fee 65 Further, each case does not have four right angle comers for 

contact surface area is reduced until inadequate metallic sliding into fee chassis rails, but rafeer has beveled or 

contact area exists to cany fee requisite deciric current chamfered comer edges, each erf which engages by way of 
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a small-area rounded guide edge of the chassis. In this FIG. 11 is an enlarged and partial cross-sectional view of 
manner, the module is aligned or registered by way of these a printed circuit board with the miniature socket pins sol- 
four contact surfaces to thweby provide a high degree of dcrcd Uicrcto and maintained aligned by an apertured spacer 
alignment between the module socket contacts and the board; 

bacJq^lane pin contacts. Further, the sliding surfaces are 5 FIG. 12 is a partial cross-sectienal top view showing three 

anodized to facilitate the sliding action between the module of the circuit boards of FKj. 11: 

case and the chassis guide rails. FIG. 13 is a side view of a printed circuit board showing 

According to another feature of the invention, the chassis the miniature socket contacts, the spacer board and an 

is provided with a number of module openings which need apertured faceplate; 

not accoBMnodate a module but ratiier may have snap fit pjQ, 14 is a sectional view of the inteiconnectivity of a 
dierdn a blank faceplate. The blank &cq>late provides a module case to a bac^ane, and the backplane to a cone- 
decorative cover to an unused slot opening, and prevents sponding connector apparatus; 

dust and particles from easily entering the chassis. Another pjQ 15 partial frontal view of a chassis slot opening 

feature of the invention is that fee blank fac€f)late can be ^ protective blank faceplate sn^ locked therein; 

constnirtcd with a hinged cover member fastened to the 15 ^ ^ ^ ^^^^ 

back side thereof .and spring loaded so that when the blank ^^j^ ^ ^ ^ engagement and 

faceplate is snap locked mto the slot openhig, the hinged ^ enlargement tiiereof. of U»e blank faceplate; 

coyer pivots Internal to me ^^"^'^ X^Ttf'^^rn^ HG. 17 is a p^^pective view of a portion of the diassis 

adiacent slot openins. When the adjacent slot has inserted ^ • , ^ . t«-"t™* r 

lh^einamodrcasf,thesi«ngloadedcoverispivotcdout 20 be^lilks^ 

of the path of die module^ is inserted into the adjacent ^ FKJ; Wj^anexptodedview <tf ano&eiembodime^^ 

slot opening. When the module case is removed, the hinged Wank faceplate. wUh a spring loaded cover member hinged 

covor^niiis to a position in which die slot opening is t^^f, to provide a cover for an cpemng of an adjacent 

covered. module slot; and 

25 FIG. 19 is a partial sectional view of the hinged cover and 

BRIEF DESCRIFTION OF THE DRAWINGS blank faceplate of HG. 17, with the cover shown in broken 

lines hinged to an out-of-way position. 

Further features and advantages will become more appar- ^^o^^v-r^^r ^wr, 

ent from the following and more particular des«iption of the DETAILED DESGRffTION OF THE 

fffcferod and odierenibodiments of the invention, as illus- 3^ INVENTION 

Crated in the acccxi^aiiying drawings in which like reference With reference now to the drawings, there is shown in 

characters generally refer to the same elements or parts FIG . 1 die chassis assembly l O ^cc trically connected by an 

ihrou^out the views, and in which: electrical cable to a personal computer 14. In the pre- 

FKj. 1 is an Uometric view of a desk top chassis assembly fared embodiment of the invention, die chassis assembly If 

operaling in conjunction with a personal con^xiter; 35 functions as a hard disk drive replacement f<x the personal 

FIG. 2 is an isometric view of die various components of "'"^/fv^^, the ^Oiassis ^^lyl^f^^^^^^^ 

died.assis,withdiepartsshawninexplodedform.andwidi T'^'^^T^^VT^IJIh^^^^ 

J I *h^;«. others bemg hard diskdnve modules, such as 18 and 2v.The 

a circuit module case shown msertable ttierem; ^ , , ^ . . , - ^ * 

^ ^ , ^. , ^. other modules peculating the chassis IS may be yet other 

FIG.31S anisomctnc view of a hard d^k drive unit haj^ jisk drive modules, or other circuit board assemblies 

inscrtabie into a module case, with the di^ *^ ^""^ having circuits mounted ditxeto for carrying out particular 

connectahle to a socket connector whidi also holds elcc- functions. In the preferred embodiment, the hard disk drive 

tronic conqwncnts; module 18 functions as a main terd disk drive, while the 

FIG. 4A is an isometric view of die component parts of a modub 20 serves as a mirror diskdnve to mirrw 

module case, shown in ex{doded form; ^ up the data written to the main disk drive 18. When 

FIG. 4B is an enlarged partial sectional view die embodied in the illustrated form, eidier the main or nnxrcr 

fastener hole formed in the socket contact ctdlector; hard drives are removatde by die computer user: This 

FIG. 5A is a sectional view of a module case with diree portability and compactness erf die units facilitates die 

circuit boards held tticxein, and with die side cover shown ardiival storage <rf data, or simply die portability erf a large 

removed therefrosn; 50 amount of data from an office computer to a home con^uter. 

FIG. SB is an enlarged and partial cross-sectional view of ^^^^ module 16 fun^ns to coimiui^^ die 

toesh^ofthe^o^le Jdiatissm^ conjputer 14 via toe 

small conqMiter system interface (SCSI) bus for commum- 

^ , . . eating disk drive commands between the personal con^xitcr 

FIG. 6 is a front view of a module case hdd in ahgnment 14 and die contK^cr module 16. The controller module 16 

attiiefourcoroersdicreof bythechassisguiderailstructure; ^^^^^ ^ processor diat is programmed to 

FIG. 7 is a partial sectional view of a pull-tab hinged to provide a continuous backup of data to the mirror disk drive 

the front cover of die module case; 20. 

FIG. 8 is a back view of the front cover of a module case fbe diassis 15 <rf the assembly includes optional support 

erf FIG. 4. with die hinged puU-tap removed; ^ stands 22 for supporting die chassis 15 at a slight angle 

FIG. 9 is an isometric view of a three-board drcidt above a desk (m* table top. The support stands 22 are fastened 

assembly housed by the module case, and where die socket to the sides of die ch assis 15 by way of small screws. Each 

connector thereof is connectable to a multi-pin backplane m odule, such a^s^flggule 1671^ removable from the diassis 

assembly; 15 by way or a nlngea pulfiab 24 fci easy removal and 

HG. 10 is a drawing showing die dircc circuit boards of 65 replacement <rf die module widi respect to the chassis 15. 

FIG. 9 and associated socket connector shown in exploded While the foregoing illustrates the invention employed as 

fonn; a hard disk drive rq>lacemenl for a personal computer 14. 
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the invcQtion is not limited to sudi an application. The 
modules 16 can house any type of electrical circuits or 
components to provide any function whatsoever as a stand- 
alone unit, or for operation in conjunction with a host or 
slave system. Moreover, the general configuration of the 
diassis assembly 10 can be <^er than that shown in the 
drawings, such as being dimensloDed to accommodate more 
modules or different sized modules, or be integrated within 
other electrical hardware, such as within the personal com- 
puter 14 itself. Further, the chassis assembly 10 can t)c 
further adapted for being rack mounted in a bay of odia 
electrical equipment 

With reference to FIG. Z there is shown the basic 
component parts of tfie chassis assembly 10 according to the 
preferred embodiment of the invention. A replaceable mod- 
ule 18 is shown in isometric form, as it is about to be insated 
into the chassis 15. The coniponents of the diassis 15 
include a top panel 30, a bottom pand 32 and two side 
panels 34 and 36. The various panels of the chassis 15 are 
constructed of aluminunu machined to form the various 
shapes. More particulaiiy* a number of machined guide rails, 
such as shown by reference character 38 are machined into 
the bottom chassis panel 32 to provide registration of the 
module 18 therein. Similarly, a number of guide rails 40 are 
machined into die top chassis panel 30 to provide a similar 
function widi respect to the module 18. The engagement ci 
each guide rail 38 or 40 with a surface of the module 18 
provides both a precise vertical and horizontal registratioa <^ 
die module 18 within the chassis 15. The dmils of the 
accurate alignment or registradon of the module 18 within 
the chassis 15 are described in more detail below. 

A number of holes are drilled in the top and bottom 
chassis panels 30 and 32 for insertion therein of corre^nd^ 
ing steel split pins 42. Each side panel has caxrespooding 
holes or slots 44 farmed tiicrcin to receive an associated split 
pin 4Z The sj^ pins 42 fit widiin ttie respective b^cs of the 
top and bottom panels 30 and 32, as well as the side panels 
34 and 36 by a compression clearance fit With this 
arrangement a rigid and easily con^iucted chassis is pro- 
vided. In a similar manner, a decorative bezel 46 is f a^ened 
to the front edge opening of the diassis by way of the s|^ 
pins and holes described above. The front bezel 46 does not 
provide any accurate alignment functioo of the module 18 
with respect to the chassis 15. 

Mounted to the t>ack(^ die top. bottom and side panels of 
the chassis arc two boards 50 and 52 which farm abaclq>taoe 
for the intcrconitectivity of the various modules 16-20. The 
spacer board 50 is appropriately populated with a number of 
miniature pin contacts 54 cone^nding to the position of 
miniature sodse/t contacts of the module 18. The spacer 
lx>ard 50, according to the (deferred embodiment of the 
invention is about 5Vs indies wide, 3^16 inches higb, 
indudes room for six vertical rows of boles, with sixty-two 
boles per vertical row, totaling three hundred and seventy- 
two possible contact positions per module slot Howeva. 
and as noted above, the holes in die board 50 are only 
populated with miniature pin contacts to the extent required 
by eadi module 18. The spacer board 50 essentially holds or 
spatially supports the miniature pin contacts both vertically 
and horizontally from neighboring pin contacts by a distance 
of about 0.05 inches. The spaco: board 50 is a jig that 
essentially holds the miniature pin contacts in the particular 
spaced configuration. Each pin contact 54 extends through 
^e spacer board 50 and into the backplane board 52. which 
is a multi-layer type of printed circuit boarl The pin 
contacts are soldered to the appropriate conductor pads on 
the back side of the backplane printed circuit board 5Z In 
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practice, the spacer board 50 is held flush against the 
backplane printed circuit board 52. The backplane printed 
circuit boanl 52 includes the various conductor lines foixti- 
ing busses between the modules, as well as to the controller 

s module 16. The bus interface boards 50 and 52 are accu- 
rately aligned to the back die chassis 15. and fastened 
thereto by a number of screws (not shown) thai pass through 
accuratefy-located holes in the boards 50 and 52 wldi respect 
to cooesponding threaded holes in the back edges of the 

IQ upper and lower chassis panels 30 and 32. Thus, when the 
module 18 is inserted between die \xppa: and lower guide 
rails 40 and 38, the miniature socket contacts at the back of 
eadi module 18 are pushed onto the corresponding minia- 
ture pin contacts 54 fixed to the bus backplane boards 50 and 
52. The friction fit between die miniature sockets and pins 
provide the mechanism for maintaining the modules locked 
within die chassis 15, 

A user interface board 56 is electrically connected to the 
bus bac]q>lane board 52 by way of additional pin and socket 

20 contacts (not shown in FHj. 2> Tlie user interface board 56 
indudes a number of connectors to which connectorizcd 
cables can be attached for coupling the chassis assembly 10 
to odicr equipment sudi as the personal counter 14 shown 
in FIG. 1. A protective metal back (date 58 indudes various 

25 rectangular openings (not shown) for allowing the connec- 
tOTS of the user interface 56 to {votnide thereto. Also not 
shown, the metal back plate 58 is fastened to die back 
surface of die chassis panels by way of saews (not shown). 
An insulator film or board (not shown) is installed be^een 

30 the user interface 56 and the metal back plate 58 to prevent 
short circuiting therebetween. The various features of the 
bad^lane and user interface will be described in more detail 
below. 

Widi reference to FIG. 3. there is iUustrated the features 

35 of a module 18 adapted for housing a modular hard disk 
drive unit 60. Hard disk drives identified by model 
MK1926PCV. commercially obtainable from Toshiba 
Corporation, or similar-size drives, are wdl adapted for use 
with the invention. The hard disk drive of such type has a 

40 lengdi of about 4 inches, a height of about 2.75 inches and 
a thidmess of about 0.5 indt, and can store about 814 
megabytes of data. Hard disk drive units similar physical 
size and capable of stoiii^ about 1300 megabytes are also 
commercially available. Hard disk drives having ttucfcnesscs 

43 of about 0.75 inches are available for storing about 2.16 
gigabytes of data. Hard disk drives of odierphy^cal dimen- 
sions and data stc»^ capacities can be readily adapted for 
use widi the invention. The disk drive unit 60 is insertable 
within the module case 18 via a removable lid, such as 

50 shown in FIG. 4A, so as to be secordy held dicrein. In order 
to facilitate the transfer of heat away from die disk drive unit 
60. a metallic side cover of die unit is engaged against die 
inside surface of the removable lid to thcrd>y transfer heat 
generated within die unit 60 to the chassis 15 via die module 

55 case. A reliable engagement between die disk drive unit 60 
and the internal surfaces of the module case can be assured 
by using insulator foam or other resilient material on one 
side or edge of the unit 60 to maintain engagement with the 
odier side or edge to the metallic module case. The resilient 

60 material can also reduce shock to die disk drive unit 60 due 
to impact of cither the case 18 or the diassis 15. Indeed the 
recent material itself can be of a type having a high 
thermal transfer characteristic. 
The disk drive unit 60 indudes a number of pin contacts 

65 62 adjacent the back edge thereof for communicating read, 
write, data and address signals to die unit 60. The disk drive 
unit 60 is dectricaUy connected to a miniature socket 
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contact collector assembly 64 which is fastened to the back disk drive units substantially enhances the flexibility of data 

opening of the module case 18. The socket contact ooUcctoc storage, retrieval, security and rq)air of the unit. 

64 is constructed of a fiberglass insulator for supporting a with regard to FIG. 4a. there is illustrated the mechanical 

number of miniature socket contacts at spaced apart loca- features of the module case shown by reference character 16 

tions identical to that of the miniature pin c<mtacts in the ^ iuFIG. L Hie compoDents of the module case shown in FIG. 

baclqplane board 52 (FIG. 2). An interconnect circuit assem- 4A are held together by four long screws , with the exception 

bly 66 provides circuit connections between the pins 62 of of the snap-fit lid 88 described below. The nKKlule case 16 

the hard disk drive unit 60 and the socket contact collectcr is similar in construction to the otfier modules 18-20 shown 

64. The interconnect circuit assembly 66 includes a socket in HG. 1, with the exception <rf the faceplate and the number 

contact connector 68 adapted fcr mating with tfie pins 62 of lo and types of con^nenis fastened thereto and the rcmov- 

the disk drive unit 60. A flexible, multi^onductor cable 70 able lid of the disk drive modules 18 and 20 do not have a 

provides a number of conductors between the connector 68 window or opejung farmed t^^^,*^ I? Ac I^ef e^ 

ind a smaU printed drcuit board 7X TTie printed circuit module case 16 ^^^"des ate^^ 

^ . ,^ . ^ . *' ... mtegral protective cover 80 havmg a top side 82, a bottom 
board 72 is of the multi-laycr type piovid^ 'l^.^^'S side M ^d a vertical fixed sideV A snajvlit lid 88 is 
connection between the socket contacts of ttie coUector 64 u ^^^^^bly attached to die module covff 80 by the utilization 
and various integrated circuits shown by reference numcr^ contoured surfaces and edges mae paiticulariy shown in 
74. Moreover, various miniature socket contacts supported pj^^ module cover 80 and the removable 
1^ the coUector 64 are routed via the {Hinted circuit board 72 gs are machined ftom an aluminum material and there- 
to the flexible cable 70. and therethrough to die disk drive anodized to prevent oxidation as well as to fadlitafte 
unit 60, via the connector 68 and cairesp<»iding pins 6X 20 insertion of the module into the chassis IS. via the upper and 
While not shown, a number of socket contacts are soldered lower guide rails 40 and 38. A faceplate 90 of the module is 
directly to the back side ai the printed carcuit board 72. with also ooostnicted of aluminum and diereafter anodized. The 
the <^n end dicreof protruding outwardly orthogonal socket collector 64 is constructed of an iresiilatnr material, 
thereto. A small insulator ^acer with multiple apertures such as fiberglass or plastic. The fixed side 86 of the module 
therein is slq^d over the tubular-sbq>ed socket contacts 23 cover 80 indudes on the rear inside surface thereof a stop 92 
and provides a ^dng b^eeo the back side of the printed that protrudes Inwardly from the nwdulc case. The stop 92 
circuit board 72 and the sockc* contact collector 64. The engages against a recessed area 94 on the insulator coUector 
spacer prevents the open ends of the socket contacts from 64. In this manner, external pressure on the middle portion 
protruding all the way through die insuUtor collector 64. of the insulator collector 64 invents bowing dicrcof toward 
The socket collector 64 is not fastened to either the printed 30 the internal part <^ the nawhde. This enh 
drcuit board 72 or &e miniature socket contacts, but rather msuhtfor oontad coUector 64. e^^cially when a Uxgc 
has a mimber of holes dierein for allowing the miniature number of mmiam^ sockets of tiie module and pm contacts 
socket contacts to be snugly housed th«ein and protected f ^ ^"^f ^ ^ m 
from physical exposure. M noted above, the open ends of 

Aesockkc«ntad^recessedafewthousandlte 35 ''^JH^I^^.^S^Zn^ 

• ^ u t ^ tLA tti^«.fr^ sfflulaT stop 96 that engages with a recessed area (not shown) 

within respective h^es <? ^^^^"^^^^^^^^ formed on the bade ^ of the faceplate 90. The recessed 

accessiWe for insertiim dierein of the rouoted ends of Ae ^ ^ faceplate 90 abuts agSnst the stop 96 and 

pins 54 of the backplane boarf SO (Wa Thf^°^«*°^^^ prevents the fiio^^from bending inwardly when extexnal 

is shown m naore detail m HG, 4A. It is noted that the socket ^smc is applied to fee module case 16 when inswted into 

coUector 64 indudes nciany holes for housmg miniature 40 the diassis IS.Tbe insulator collector 64 indudes a recessed 

socket contacts. However, it is necessary only to utUize as peripheral edge 98 therearound on die interoai edge thereof 

many holes as required by the drcuit module to provide the for fitting dierdn of the back edge of die module cover 80 

requisite number of conductors. Indeed, in the preferred ^ ranovable Hd 88. While not shown, the back 

form <^ the inventi<Hi. die standard disk drive unit 60 peripfaml edge of the facq>late 90 is similariy recessed so 

identified above requires only about thirty-five conductors, 45 as lo be fittaUe to the fconud edge 100 of the module cover 

and thus thirty-five miniature socket contacts are utilized. 80 and the frontal edge 102 of the removable lid 88. 

With r^erence again to FIG. 3 again, it is noted tiiat die The Insulator coUector 64 and the faceplate 90 are not 
interconnect circuit assembly 66 is not rigidly mounted to directly fastened to the module cover 80. but rather are 
the disk drive unit 60. but rather is flexible due to die flexible fastened to each other by way of fom elOTgaiescrcw 
cable 70. The flexible cable also functions as a resUient 50 ^fasteners, o ne of which is shown by numeral lOy^J he 
member for maintaining the unit 60 pushed against the "elon gatErfaafinert 104 Indude threads iw^au^'c eiid 
frontal inside surface of the BMdulc facefdatc. As such, die thgreot. tor threadable engagement into agrestwna ine 
flexible cable 70 acts like a shock absorber. In a prcfened thread ed boles formed on die back side of the faceplate 90, 
form of die invention, die integrated circuits 74 comprise a shown more particularlv in FIG. 7. The elongate fasten er 
number of latches contiroUed by the contn^er module 16. 104 includes a head 108 shown in more detaU in riu.^B, 
fc^ latching address, data and contnd signals for use by die together with die engagement thereof to die insulator col- 
disk drive unit 60. Preferably, the address and control signals lector 64. The head 108 of the fastener 104 is larger in 
are coupled unidiiectionaUy from the oontroUer module 16 diameter than the shaft and includes a diamedic thinned 
to the disk drive unit 60. via the respective latdies 74. whUe pmtion 110 for f^i^^fM^^«fit^ tnt^l tn rotatft th^ fft?ttenCT 
the data is cou|^ed bi-dircctionaUy. via data transceivers 74. 1 04. T^c in sulatui colurt or 64 Jj^udes a first 112 of a 
between die disk drive unit 60 and die controUer 16. ^ dignw^tCT for^cttwimtf ^ <ihaft of tf>ejastener 104. 

It is to be noted fliat the disk drive module 18 shown in and a g^5n£Igger bore 11^ ^^f ft rfiat^r^w foe accommo- 

FIG. 3 is entirdy r«novable from die chassis assembly 10, dating the hcaS^IUS oi the tastcMX 104. In |»m:tice. when the 

as weU as rcinscrtahlc. In this manner, data can be removed assembly of die module case 16 is completed, the head 108 

as a package from the chassis assembly 10 and maintained of die fastener 104 is recessed and hidden entirdy within the 

safe by the user, can be stored for archival purposes, or can 65 larger-diamcttr bare 114 of the insulator collector 64. As can 

be transported firom an office computer to a home computer. be appreciated, when the four elongate fasteners 104 are 

It can t)e appreciated diat the user acoessabiUty to removable inserted through the cofresponding comer holes in the 
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contact collector 64, and threaded into die correH>onding 
holes of the faceplate 90, the collected 64 and the faceplate 
90 are pulled together, with the three-sided module cover 80 
oonof^essed fterebetween. The removable lid S8 is slightly 
shorter in length than the cover 18, and dius not compressed 
between the contact collector 64 and the f3cq>late 90. In 
ceitain instances or applications, it may be advantageous to 
fully assembly the electrical circuits within die case 16 and 
dien securely lix the lid 88 thereto by a suitable adhesive. 
Wid) diis construction, the electrical components are not 
easily accessible. 

The module case 16 shown in FIG. 4A comprises a 
controller module that houses a digital signal processor and 
associated circuits mounted on three multi-layer printed 
circuit boards. The faceplate 90 includes small holes 130 and 
122 for holding respectively a read led and a write led. 
Larger holes 124 and 126 hold respectively a push-type 
controller reset switch and an optional switch. The indicator 
leads and switches are mounted to the internal printed circuit 
boards, but jsotrude through holes in the faceplate 90. 
Hingably fastened to the faceplate 90 is a pull-tab 24 shown 
in HMsre detail in FIG. 7. 

With regard to HG. 5A of the drawings, diere is shown die 
module case 80 that encloses duee printed circuit boards, 
one of which is identified by reference numeral 130. The 
module case 80 includes the three-sided cover 86 and the 
removable lid 88. Fc^med on die internal four corners of the 
module case 80 are elongate shoulders 152 for centering 
dicrebctween upper and lower guides 131 that are slotted for 
sliding dieiein the printed circuit boards. The upper and 
lower guides 131 includes elongate sloes formed therein to 
receive die upper and lower edges of die printed circuit 
boards. The guides 131 can be constructed of an insulating 
material sudi as fiberglass, or widi an adhesive-backed foam 
material that is adhered to the edges of the printed circuit 
boards. The foam matpriai can be preformed to provide 
channels for separation of die boards 130. as well as to 
provide insulation between the conqxHients or conductor 
paths and the elongate shoulders 132 ot die module case 16. 
Additional wrq>-around insulating tape or films can be 
caspkfycA to provide electrical insulation between the elec^ 
trical components and the omductive module case. While 
not shown in FIG, 5A« there are preferably acSditional 
sodcet-pdn connections between the center printed circuit 
board and the outer boards, dicreby providing dectrical 
padis therebetween as well as j^ysical separation. 

The guides 131 are first inserted over die upper and lower 
edges of the plural circuit boards, and die asseinbly is then 
slid into tbe niodulc case 80 via the open back end thereof. 
It can be appreciated that die guides 131 ptevent the con- 
ductm and components mounted on the printed circuit 
boards from short circuiting eidier between the boards or to 
die metal case 80. In this manna; the conductor pads and 
lines on Ihe outside surfaces (ji the printed circuit boards 130 
are maintained ^ced firom the elongate fasteners 104. 
diereby preventing short dradts therebetween. Of course, 
the printed circuit boards 130 arc designed so as not to have 
any conductor pads or conqxHients near the surface edges 
diat engage the elongate shoulders 132 or the case. 

The removable lid 88 of the module case 16 includes 
elongate edge configurations 134 diat snap lock with special 
sh^ied edges of die module top cover 82 and module bottom 
cover 84. The upper and lower engaging surfaces between 
die removable lid 88 and die module cover edges are 
identical, one being shown enlarged In FIG. 5B. Hie edge of 
die cover top 82 is machined with a downwardly dq>ending 
rcAmded edge 136. The rounded edge 136 tapers inwardly to 
the internal surface. The upered surface 137 facilitates 
removal of the lid 88 firom die three-sided cover 80. The 
outer face edge 138 of the cover top 82 is flat and formed 
(^ogonal to the top surface. 
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The removable lid 88 includes an elongate channel rec^ 
tacle formed witii a rounded trough 140 to receive dierdn 
the rounded edge 136 of a cover edge. When the removable 
lid 88 is pushed onto die module cover 80. die elongate 

5 rounded edge 136 of die cover top 82 engages within the 
machined receptacle trough 140 of the lid 88 and is mechani- 
cally snap locked therein. When snap-locked togctha. an 
intomal vertical surface 142 of die removable lid 88 engages 
against the corresponding outer flat surface 138 of the cover 
top 82. The engagement between die surfaces 138 and 142 
is important in maintaining a precise lateral dimension to the 
overall module 16 so as to be accurately aligned within the 
guide rails 38 and 40 of die chassis 15. as shown more fiiUy 
in FIG. 6. The snap-fit structure of the top side 82. the 
b<^om side 84 and the top and bottom edges of the lid 88 

1^ arc identical. 

In order to remove the lid 88. a screwdriver or other 
similar object is forced between die edges 138 and 142 to 
thereby pry the parts ^>art Because the diannel receptacle 
140 is cupped, one of eidier the engaging rounded edge 136 

20 cff die side cover 88 must distort slightly in a vertical 
direction to become disengaged. In practice, the removal of 
the engaged parts bows die side cover 88 slightly outwardly 
to allow disengagement between the rounded cover edge 
136 and the channel receptacle 140 of die lid 88. This is 

25 in^xirtant in preventing die side cover 88 from becoming 
inadvertently removed due to pressures exerted on the 
module, metallic contraction due to temperature changes, 
etc Moreover, die anodized surface finish of the metallic 
parts functions somev^at as a lubricant to facilitate die 

^ removal of the metallic parts. 

Wth reference now to FIG. 6. there is illustrated the 
manner in which die module 16 is accurately aligned within 
the chassis 15. so that the module miniature socket contacts 
and t>aciEplane pin contacts 54 remain aligned and can be 
forcefully engaged widiout bending ci the miniature pins. 
As noted above, each comer of the module 16 includes a 45^ 
bevel or chamfer, one shown as reference character 150. In 
practice, the diagonal dimension of the bevel as shown in 
FIG. 6 is about 0.125 inches and extends longitudinally 
along the eotiie lengdi of die four comers of die module 16. 

^ Machined on both the diassis top panel 30 and the chassis 
bottom panel 32 are spaced apart guide rails 40 and 38. The 
guide rails 40 and 38 extend generally cathogonal from die 
in^dc surface of the chassis top panel 30 and the diassis 
bottom pand 32. However, die cross-sectional shape of the 
guide rails-is generally rounded so that a curved poition of 
the raH engages with a correspoQding comer bevel 150 of the 
module 16. Widi this arrangement, very little sliding or 
factional contact exists between die bevel surface 150 of die 
module 16 and the rounded guide nils 40. thereby mini- 

50 mizing friction. The specific ihapt of die contact edges of 
the guide rails 38 and 40 can be other shapes, such as square 
or triangular comers, etc. Further, the guide rails 38 and 40 
are constructed of anodized ftiiiwiinum^ as is the module 
cover 80 thcrel>y reducing the sliding friction. More 
importantiy, the four comer contact surfaces 150 of the 
module with the respective guide rails 38 and 40 provides 
both a vertical and horizontal registration, to thereby ensure 
a highly accurate alignment of the module 16 within the 
chassis 15. This^ in turn, assures a very accurate alignment 
between the module socket contacts and the chassis back 

^ plate pin contacts 54. This guide rail module contact con- 
figuration differs from the prior art structures which are 
eMier vertical or horizontal surfaces that provide either a 
vertical or horizontal placement of die module widun die 
chassis, but not both. As noted above, despite that the Ud 88 

65 is removable, die bevel surfaces 152 (FIG. 5B) do not 
interfere widi the accuracy of alignment as the machined 
vertical surfaces 138 and 142 assure the lateral dimensional 
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consistency of the spacing between the top comer bevels and 
the bottom comer bevds of the module case 16. The 
registration tolerance between the module case 16 and the 
chassis 15 can be maintained within about 40.002 inches. In 
view that a miniature contact pin 54 (FIG. 2) of the chassis 
backplane has a rounded end and a diameter of about 0.016 
inches, the insertability thereof into a coircsponding socket 
contact is assured to a high degree of accuracy. 

The hinged pull tab 24 shown in FIG. 6 indudcs two 
slightly recessed face areas 154 for a(^ying thereto a decal 
or sticks bearing identification os other indicia of the 
module. The constniction of the hinged pull tab 24 is shown 
Id more detail in FK3. 7. The faceplate 90 Indudcs an 
opening 156 therein for die pull tab 24. The pull tab 24 
Indudcs a cfaannd formed laterally on the inside £ace of the 
faceplate 90, in which a pin 158 is adhered by a suitable 
adhesive. The protruding ends of the pin 158 loosdy fit 
within coirespondittg dkanncls 160 (FIG. 8) of the inside 
surface of the fac^Iate 90. When the fac^ate 90 is fastened 
to the frontal edge of the module case 16 with the long 
screws 104. the ends of the hinge pin 158 are o^tured 
between die noodule case edges and the faceplate channels 
160. ^Ith this construction, the pull tab 24 can be hinged 
outwaidly and pulled, thereby forcefully removing the mod^ 
ule 16 from the chassis 15. Importantly, the bottom of die 
pull tab 24 does not become recessed entirely within the 
window 156 of the faceplate, as is the tc^ portion of die pull 
tab 24. Rather, the bottom portion of the pull tab 24 remains 
hinged sli^tly outwardly at the bottom diexeof as shown in 
FIG. 4A to therd)y allow a user to easily grasp Ihe pull tab 
24 and pivot it further outwardly for firm grasping. Penned 
on the inside coancr of each of die four inside comers of the 
foceplate 90 is an ear 162 having a threaded hole for 
securement therein of the elongate fastener 104. Farther, die 
ear 162 is located to function as a stop so that the bottom of 
die pull tab 24 cannot t>e hinged fully inside the window 156. 
but radicr remains slightly pivoted outwardly, as noted 
above. 

FIG. 8 shows die general oxistrucdon of die features 
foimed on the inside surface of the faceplate. Shown are die 
recessed areas 164 that abut against the cava side stops 96. 
shown in FIG. 4A. Also shown is die inner recessed per^ib- 
cral edge 166 which accommodates therein the frontal edge 
of die module cover 80 as well as the fix>ntal edge of £e 
removable lid 88. 

FIG. 9 illustrates in more detail die association between 
the module case 16 and ttte apparatus boused thereby, in 
conjunction wifii the various backplane boards. Also shown 
in detail is the printed circuit board 130 having various 
integrated circuits mounted thereto, indudlng a replaceable 
erasable programmable read only memory (EFROM) 170. 
The removable lid 88 of the module case 16 indudes a 
window 171 diat Is aligned widi the EPROM 170, when 
fully inserted into die sodcet 172. The EEi^OM di^ can 
have adhesively attached diercto a label 173 which has 
identifying indicia printed thereon. In this manner, the 
EPROM 170 can be removed and replaced with a new 
programmed chip, without removing the printed circuit 
board 130 from die module case 16. and widiout removing 
the removable lid ^ This allows easy update of the 
software programming of the processor housed in the con- 
trcd module 16. 

Also shown in FIG. 9 is the manner in which die user 
interface board 56 is dectrically connected to die backplane 
bus t>oard 52. via a plurality of socket and pin contacts 174. 
Various connectors can be fastened to the user interface 
board 56. and particular to the conductCM* paths formed on 
die opposite side of ttie board shown in FIG. 9. For exanqile, 
a connector 176 can be provided for coupling various supply 
voltages and ground potentials between the chassis asscinbly 



10 and the personal computer 14. Another connector 178 can 
be utilized for providing SGSI bus connections between die 
computer and the chassis assembly 10. Lastly, an optional 
third coiutector (not shown) can be utilized for connection to 
an uninterruptable power supply. Many odier varieties, 
numbers and types of connectors can be utilized to accom- 
modate the particular application to whidi the invention may 
be employed. In accordance with an important feature of the 
invention, the user interface board 56 is removable from the 
backplane 52 by way of the pin-socket connections 174. 

10 With this arrangement different user interface boards 56 can 
be en^jloycd to accommodate different user ^ipUcations. all 
without requiring a different diassis 15 or a t>adqplane 52. 
Other types of user intof ace boards 56 dectrically plug- 
gable to die backplane 52 can employ multiple user ports or 
connectors, different power supnAy arrangements, and dif- 
fcrcnt types of bus connectors 178. otiier than the SCSI bus 
noted above. The versatility and utilization of different user 
interface boards 56 gready facilitates the inventory and 
assembly of noodule and diassis assemblies that poform 
different functions. For example, in assembly line constnic- 

20 tton of the invention, the same chassis, modules and back- 
plane 52 can be assembled tpgedier. but widi different user 
interface boards to custom tailor the interface to the par- 
ticular user needs. 
In addition to die foregoing, different backplane t>oards 52 

23 can be utilized to provide different interconnections to the 
modules, as well as different connections to the user inter- 
face board 56. An inventory of different badqplanes allows 
the use of die same chassis and many of the modules, but 
interconnects them differently to cany out different func- 

3Q tions. Indeed^ instead ci a single processor or conUroUer 
module, two different controllers can be utilized, intercon- 
nected by a different backplane, to carry out multitasking or 
other functions. Where additional data storage capacity or 
higher speed access diereto is needed, additional chassis 
slots can be populated with hard disk drive modules. The 
utilization of paralld-cpmted hard disk drives is signifi- 
cantly more advantageous, eqtedally in terms of rdiability. 
than die use of high RFM hard disk drives diat increase the 
access q>eed to any of the data stored thereon. Should 
different software be required to operate with a different user 

^ interface board 56, then a different EPROM can be utilized 
by the sinq^le removal of die processor module 16. and the 
exdiange of die eidsting EFROM with a newly programmed 
EFROM 170. 

The three printed circuit boards I3&a-c of die controller 
45 module 16 are shown In HG. 10. as diey relate to the socket 
contact controller 64. As noted widi regard to the printed 
circuit board 136a. there is shown a set of metallic contact 
pads 182. Indeed, such contact pads ^^jpear on both sides of 
the rear edge of die printed drcuit board 130a. In like 
50 manner, the other two printed drcuit boards 130fr and 130c 
also indudc similar pads for soldering thereto die miniature 
socket contacts. Each printed circuit board 130a-£ may or 
may not t>e fuUy utilized with regard to all contact pads 182. 
There can be formed a Ti««'T""m of about six vertical rows 
of contacts on die three printed circuit boards, wfaidi. when 
assembled together, are aligned with the corresponding six 
v^cal rows of holes 184 in the socket contact collector 64. 
which in the prefencd from, is only about one-half inch 
wide. As can be seen in FIG. Sa^ there is additional space fot 
two additional printed circuit boards, which are preferably 
^ shorter in hdght so as not to interfere with the inside comer 
structures of the nsodulc case 16. When five printed circuit 
boards are employed* a total of tea parallel rows of contacts 
are availaMe. providing a sufSdent number of dectrical 
connections to accommodate a 512-tMt bus and control 
65 signals. 

FIGS. 11-13 illustrate die details of die high density 
contacts for providing a large number of separate dectrical 
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signals to compact printed board circuitry housed within a 
module case. In RG. 11, there is Illustrated a printed circuit 
t)oard 130a as viewed frcnn the top. Each hole 184 drilled in 
die fiberglass socket collector 64 includes a small annular 
chamfer (not shown) at the entrance end thereof. This he^s 5 
in centering die socket contacts 190 for Insertion into die 
oc^ector plate holes 184. 

FIG. 12 illustrates a top sectional view of the three printed 
circuit boards, and FIG. 13 shows a side view of the center 
printed circuit board 130!>, with a spacer 192 to limit the jg 
extent by which the module socket contacts 190 ent^ into 
die holes 184 <^ the collector 64^ Three such printed circuit 
txiards 1300-0 are shown held in a close q>aoed-apart 
rclationshtp at the rear end diercof by the socket contact 
coUect<»' 64. As noted above, the grooved tracks formed in 
the top and bottom insulator board guides 131 maintain die 
doogate edges of the printed circuit boards spaced ^art 
With specific reference to FIG. 11, and 13. miniature socket 
contacts 190 are soldered or otherwise electrically fixed to 
die conductor pads 182 formed adjacent die rear edge of die 
board. The enlarged barrel ofdie socket contact 190 Includes 20 
an internal spring contact (not shown) for provi^ngva high 
quality electrical connecdon to a pin conta^^54/ when 
inserted therein. The socket and pin contacts m of^nven- 
tional design and readily available. 

In the assembly of the printed circuit boards 130 and 2S 
corresponding sodcet contacts 190. an insulator spacer 192 
is utilized on the two rows of contacts 190 of the middle 
printed circuit board 1306 for limiting the entry of all six 
rows of socket contacts 190 widiin the collector 64. 
Importandy, the spacer 192 prevents the socket-contacts 190 30 
from protruding ail the way through the socket collector 64. 
The spaced relationshq;> between the socket contacts 190. 
both vertically and laterally correspond identically to die 
spacing of the holes 184 of die socket collector 64 shown in 
FIG. 13t Only one spacer 192 having two votical rows of 33 
holes is necessary, although a wider spacer could be utilized 
to accommodate all six rows of socket contacts on the three 
printed circuit boards. The boles in the spacer 192 are sized 
so as to loosely surround die respective sodoet contacts 190. 
Dunng asseixd)ly, a socket collected jig (not ^own) is 
populated with the requisite number of socket contacts 190. ^ 
which arc firmly held therein, depending upon the need 
therefor to proWdc sufficient I/O signals to two rows of 
solder pads 182. When the collector jig is appropriately 
populated with socket contacts 190, such contacts are held 
against the respective solder pads 182 on both sides of the 45 
board 130a, as shown in FIG. 11. Once the printed circuit 
board 130a is fixed widi respect to the spacer 15^ the socket 
contacts 190 are cither individually or collectiveiy soldered 
as a group to the respective pads 182. Thereafter, the 
collect<»- jig is removed &<Hn the socket contacts 190, 5Q 
whereupon such contacts remain spatially aligned and sepa- 
rated by virtue oi being xigidfy fixed to die printed circuit 
board 13^ In FIG. 13. die spacer 192 is shown in asso- 
ciation with the socket contacts 190 of die middle printed 
circuit board 1306. Also shown in FIG. 13 is a cross- 
sectional view of the socket collector 64. as well as an end 
view thereof. The next step of die assembly is the insertion 
of the individual printed circuit boards 130a-130c, and 
particularly die socket contacts 190 thereof into the holes 
184 formed in the socket collector 64. Each printed circuit 
board can be scpmtefy mounted in such manner, whereby ^ 
die socket collector 64 provides a fixed and spaced-apart 
relationship between both the socket contacts 190 
diemselvcs, as well as a spaced reladonsh^} of the back 
vertical edges of die printed circuit boards 130a-130c 

FIG. 14 illustrates a partial sectional view of die electrical 65 
connections between one printed circuit board 130a, the 
backplane boards 50 and 52 and the user interface board 56. 
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The general purpose of die insulator board 50 is to hold the 
pin contacts 54 In a specific spadal relationship so as to be 
mateable as a unit widi the module socket contacts 190. As 
shown, the miniature pin contacts 54 soldered within the 
backplane boards 50 and 52 provide an electrical cormection 
to the miniature socket contacts 190 that are part of the 
insertable nKxlule. While not shown, numerous conductor 
pads are formed on the backplane board 52. in contact widi 
selected ones of the miniature contact pins 50. Moreover, 
additional socket contacts ^96 arc soldered to the backplane 
boards 50 and 52 to provide power and signals thereto. The 
socket contacts 196 may be physically larger than the 
miniature socket contacts 15^ to handle die requisite elec- 
trical power or supply voltage. Corresponding pin contacts 
15^ are soldered to the user interface board 56. which pins 
are mateable with die sockets 196 to provide electrical 
connections between the user interface board 56 and the 
backplane boards 50 and 52. WhUe not shown, the various 
connectors 176 and 178 in FIG. 9 are soldered to the various 
conductors of the user interface board 56. As such, supply 
voltages and electrical signals can be communicated 
between the personal conqiuter 14 and the chassis assembly 
10. As noted above, different types of user interface boards 
56 are pluggable into the badq>lane 52 for acoommod^ing 
different applications required by the user. In like manner, 
different backplane boards 50 and 52 can be used wMi die 
chassis 15 to accommodate different connections between 
the various module. For example, when some of the mod- 
ules utilized are foar mass memory storage, such as hard disk 
drives, FLASH EPROM, ferroelectric memories, etc.. such 
memory modules can be connected in series or in parallel by 
way of diffoent backplane boards 50 and 52* When employ- 
ing hard disk drives, the bandwiddi of die system can be 
increased by operating die drives in parallel widi one type of 
badqplane 52. without requiring higher rotating speeds of 
the disk drives. In view of die foregcHng. many different user 
applications can be acoonunodated by the utilization of 
different backplanes and different user interface boards, each 
of which is pluggable to eadi other, and easily assembled 
widi the chassis 15. 

FIGS. 15 and 16 depict a Uank faceplate 200 diat can be 
utilized with die chassis 15 for covering unused module 
slots. The t^ank faceplate 200 is constructed for snap 
locking to the bezd 46 of die chassis 15 to dicreby provide 
easy ccmoyal or installation of die facqxlate. llie blank 
fac^ate 200 enhances the aesthetic appearance the 
chassis 15, as well as prevents dust and other aift>ome 
particles firom easily entering die internal portion of the 
chassis. The blank faceplate 200 is preferably omstnicted, 
such as by machining or molding, of die same material as die 
chassis 15. and then painted, anodized or otherwise colored 
to match diat of die chassis 15. 

The Uank facq>late 200 includes tr^ and bottcmi edges 
having snap-lock members that engage widi cotresponding 
members machined into die bezel 46. The snap-lock engag- 
ing members formed at the top and bottom of the blank 
faceplate 20O are essentially identical, one being shown 
enlarged in FIG. 16. The bezel 46 inchides a cupped or 
cut-out pc^tion 202 formed laterally along die entire width 
of the slot opening, as shown in FIG. 17. The same type of 
cut-out area 202 is formed in the top portion of the bezel 46. 
Although the cut-out portion 202 is shown generally rect- 
angular in sh^)e. it can be formed with many other sh^ics. 
sudi as concave. ovaL round, triangular, etc. At the bottom 
edge of the blank facq)late 200, a com|demeataiy-sh^d lip 
204 is farmed. Hie Up 204 projects a smaU distance beyond 
the visible lower edge 206 of die blank faceplate 200. The 
lip 204 is preferably not formed along the entire top and 
bottom edge of the blank facej^ate 200, but radier along only 
a pcntion thereof, such as between the beveled comers of the 
faceplate. Alternatively, die Iq) 204 can con^irise several 



12/02/2002, EAST Version: 1.03.0002 



5,75X617 



15 



16 



15 



short lips or individual projections for fitting into 
corresponding-shaped depressions formed in the bezel 46. In 
the preferred embodiment of the invention, the extent by 
which the lip 204 extends beyond the bottom edge 206 is 
about 0.020 inch, and the depth of the Up 204. as shown in 
the enlarged portion of FIG. 16. is about 0.030 inch. Those 
skilled in the art may find that rounding the corners of the lip 
204 facilitates the installation or removal of the blank 
faceplate 200 from its sn^lock engagement with the chas- 
sis bezel 46. In some instances, it may be preferable to form 
die snajvlodc projection on the bezel 46, and form the 
cuf^d area in the edge of the blank faceplate 200. 

The installation is accomplished by first engaging the 
lower tip 204 into the cut-out portion 202 of the lower bezel 
46 and then firmly pushing in the top of the blank faceplate 
200 to thereby forcefully cause engagement of the upper Up 
and corresponding cut-out area. Although the blank face- 
plate 200 is not shown equ^yped with a hinged pull tab. such 
a structure could additionally be cnq>loyed to casHy remove 
the blank faceplate 200 from the chassis 15. The faceplate 
200 can otherwise t>e removed by removing a module from 
an occupied adjacent slot, and reaching therein and pushing 
fr<Hn the backside of the blank faceplate 2W to discng^e 
either the top or bottom snap-lock structures. 

With regard to FIGS. IS and 19, there is shown additional 
structure fastened to the blank faceplate 200 fot providing a 
hinged cover to an adjacent unoccupied module slot, as 
shown in FIG. 19. The cover 210 is hinged with a spring- 
loaded arrangement to die blank fac^late 200. A planar 
bracks member 212 is fastened or fonned integral with the 
blank faceplate 200. The bracket member 212 includes two 
slotted openings 214 f (Hmed in the rear vertical edge thereof 
with coiresponding holes 216 formed therein for inseition of 
respective corr^nression-fit pins 218. 

The cover 210 includes a pair of rig£ht-an^ arms 220 
fastened thereto os formed integral therewith, each arm 
being thinner than the height of the corresponding slotted 
opemng 214 formed in the bracket 21Z Bach arm 220 
includes a small bole 222 therein for ^gagement with the 
down-tamed end 224 of a spring 226. Bodi the spring 226 
and the angle arm 220 are fitted widun the slotted opening 
214 of the faceplate bracks 212. The pin 21S is dien inserted ^ 
through both the opening formed by the coils of the spring 
226. as well as through the hole 228 fmned near the end of 
the angle arm 220. 
The assembled airangemcnt of one hinged, spring-loaded 



the space of an adjacent slot The interruption in both the t«^ 
and bottom guide rails of the chassis 15 does not otherwise 
afTect the insertability. wididrawal or alignment of the mod- 
ule case 18 with respect to the badqtoe pin contacts 54. In 
order to shorten tiie length by which die guide rails 38 are 
removed to accommodate the passage of the hinged face- 
plate 210 therethrough, the frontal faceplate 210 can be 
hinged to the right angle arm 220 and biased with a spring 
so dial die faceplate 210 is not orthogonal to the end of the 
arm 220 as shown. Widi this additional hinged arrangement. 
10 the intemipdon in die guide rails 38 can be reduced. The 
spring tnased faceplate 210 can be mounted to the arm 220 
with a planar ^ding-like material so that after flexing to pass 
through die guide rail openings, the facq>late 210 returns to 
its rest position as shown, orthogonal to die end of the arm 
220. 

Ftom die foregoing, described is a compact chassis 
assembly accommodaSng a substantial amount of dense 
circuitry in a small area. The precision machining of die 
various components, induding the module cases and die 
guide rails of the chassis allow a precise positioning of the 
muldple socket contacts dioeof with die corresponding pin 
contacts of the ba£lq)lan& In view of the dense nature of the 
electrical contacts, and die relatively small dimeosions 
thereof, accurate alignment is critical so as to prevent 
damage or bending of the pin contacts. Moreover, the 
compact design of the modules allow one side cover thereof 
to be easily removed for in^>ection or adjustment of die 
underiying circuit con^oents. aH without affecting die 
overall integrity of the module. Moreover, the size of each 
module case is genoally about die size of a cigarette 
package, but nevertheless suitable for enclosing a small hard 
disk drive unit, or three dicutt t)oards having dense circuits 
and coixqx>Dcnts mounted thereto. In accordance with an 
inqxirtant feature of the invention, each module can accom- 
modate over 372 electrical connections thereto when 
cnq;»k>ying three printed circuit boards, and over 600 pin- 
socket connections wl^n en^loying five printed circuit 
boards. 

From the foregoing, a much in^oved chassis assemUy 
and module case have l>een disclosed* which stractures 
overcome the shortcomings and disadvantages of the prior 
art F^nther, disclosed is a technique for assemKy of die 
structures. While the pref ened embodiment of the invention 
has been disclosed with respect to a q>ecific chassis and 
module case, it is to be understood that many diangcs in 
detail may be matfe as a matter of engineering choices, 
widiout dqf>aiting from die spirit and scope of the invention. 
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stnicture is Shown in m« detail in FIG 19. The hinged 45 as d^ed.^ &e aM)eodcd daims. 
cover 210 can be pivoted to the position shown in broken 
line in FIG. 19, whereby die spring 226 attempts to force the 
hinged cover 210 in tlie direction shown by arrow 230. The 
hinged cover 210 can be manuaUy pivoted as shown In FIG. 
19 fo£ easy insertion of the blank faceplate 200 into an 
unoccupied module slot After sn^^ocking the blank foce- 
[date 200 into the bezel 46, as described above in connection 
witfi FIGS. 15-17, die cover 210 will be spring biased to die 
position shown in solid line, dicreby providing a cover to an 
adjacent unoccupied module opening. In the event that a 
module is inserted in die otherwise blank opening, die cover 
210 is automatically pushed backwardly out of the way by 
the insertion of the module into the slot The hinged cover 
210 is thus moved out of the path of entry of the niiodule, into 
the unocaq>ied module area covered by the blank faceplate 
200. When the inserted module is removed, the spring- 
loaded cover 210 returns to its position covering die module 
opening in die chassis. While not shown, various stop 
members may be constructed on either the arm 220 or the 
cover 210 itself so that the cover 210 does not pivot 
outwardly beyond the module slot opening. 

FIG. 19 illustrates die guide rails 38 widi a portion diereof 
removed so diat the hinged f ac^late 210 can be pivoted into 
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What is claimed is: 

1. A modnle case for housing electrical con^nents, and 
ad^yted for insertion into a chassis having electrical contacts 
of one of a pin or socket type, comprising: 

a rigid cover including a protective top pai^. t)ottom 
paneL left side panel and right side paneL said top 
paneL tmttom pand and one of said left <s rig^ side 
panels t)eing formed as an integral one-piece unit, and 
said rigid cover having a frontal opening and a rear 
opening; 

a faceplate separate from said rigid cover for providing a 

frontal protective cover, 
a rear cover ftoe sqxarate from said rigid cover for 
providing a rear protecrivc cover, said rear cover plate 
being constructed of an electrically insulating material; 
and 

a phuality oi electrical contacts individually supposted by 
said dectricaUy insulating rear cover plate, said elec- 
trical contacts for providing electrical connections to 
conq)onent& housed widiin said module case, and being 
matable widi the dectrical contacts associated with the 
chassis. 
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2. The module case of claim 1. wherein one said left or a plurality of electrical contacts supp<»ted by said rear 
right side panel is constructed so as to be removable from cover plate, said electrical contacts for providing elec- 
said Cop panel and said bottom panel. trical connections to con^nents housed within said 

3. The module case of daim 2, wherein said removable module case. 

panel includes substantially an entire side of said module $ 16. AnKxUile case for housing electrical con^nents and 

case. for insertion into a chassis, coiqnislng: 

4. The module case of daim 2. wherein said removable a rigid cover induding a protective top pand. bottom 
Side panel is constructed for snap fitting to said top and panel, left side pand and right side panel, said rigid 
bottom panels. cover having a frontal opening and a rear opening; 

5. The module case of claim 4, wherein said snap fit said rigid cover having four elongate comers, each elon- 
coDstiuction includes a respective tapered edge formed on comer conqwising an intersection between a side 
said top panel and said bottom pand and o^?o^ side ^ of said top or bottom panels; 

re^e for receivmg therein a respective said tapered ^ ^^^^ J^^^^^ ^^^^ ^.^ ^^^^^^ 

6. The module case of claim 4. wherdn said top and 15 inserted therein; 

bottom pands each inchidc a planar abutting edge, and a faceplate separate from said rigid cover for providing a 

where corresponding opposing edges of said removable side frontal protective cover; 

pand indude corresponding planar edges for abutment a rear cover plate separate from said rigid cover for 

when the removat^e pand is sm^ fit to said module case. providing a rear protective cover; and 

7. The module case of daim 1, wherdn said facq^late 20 ^ plurality of dectrical contacts su(>ported by said rear 
indudes a hingeable puU-tab for grasping thereof by a cover plate, said electrical contacts for providing dec- 
person's thumb and finger to puU said module case for ^^al connections to cwn^jonents boused within said 
removal from the diassis, 

B.T1icriiodvUe casc ofdaim7.ftmhcri^^ 17. The module case of daim 16 whcidn said rigid cover 

fonned on said fa^late so that m a re^ non-hmged ^ ^^^^ ^ ^cv^^ ^ 

IS nonparallcl to said faceplate left or right side pand is removable from said top and 

9.Themodulec^eof damil.^*cremsffl^^^ and ^ and%aid removable side panel has formed 

said rear cover pbtcmdutte respective peripheral recessed *^ opposing dongate support areas for insertion of 

portions on the thereof for recavmg Acrem an edge of modulc^icinb a c£issis Swng four corresponding 
the ngid cover frontal opening and the edge of the ngid ^ comer engaging guide rails. 

cova rar opening. _^ , . , ^ . ^ .^^ 1». The module case of claim 16. fiirthcr including in 

ir-nic moAilc caseof claim 1. whoem sai^eft and n^ combination a diassis having fcraicd thcrdn comcx cngag- 

side panels e^ «fhide « stop pretending from an inner . ^ ^ cross-sectionaUy 

surface thffeof. and said faceplate and said rear cover pand ^ cngagSg the respective beveled comers of 

have cOTCspondmg engagmg surfaces engagmg the stops. module case. 

thcrdjy cnhand^ Ac rigi^ty of the faceplate and the rear ^ ^^^^^ ^ 18 ^^^-^ 

cover when attedied to ngid cov«. guide rail is elongate, and provides two elongate engaging 

11. Hie iiKHMe case of ^1. wteem smd insulator said^iodule cases. 

*^?J'^!*^'*£f?^°?'!l^^.!,^^ 20. The module case of daim 16. further induding in 

^aptedfrir reocavmg therein an individual dectncal contact combination a hard disk drive housed within said modute 

^^^^^^^}^^^^^^^^^^ « case to provide user rcplaceaWlily to said hard disk drive. 

12. Tbe module caseofda^ ^1. t£ iiiodule casTof claim 20. wherdn said hard disk 
coverphiteholeis2>aced^paitma^ ^ 1^ ^ 3 

holes by no more than about 0.05 mches. ribbon caW^ 

^^-J?*" ^^T" ""^'f^ wherem said dertrical 22. The module case of daim 20. wherein said rear cover 

comacts supped by sad rear cover plate con^ a indudes a pluiaUty of holes, and further including a 

sodat-t)yc of contact and eadi sa^^^ contact is bSaid aid at least one integrated dccuit 

su^ortedbywayofalhroughholcfotmcdmsaidie^ n^°""ted thereto, and sddelcctricdcomacteare fixed to 

. , ^.i .J printed circuit board and supported by respective said boles 

14. The module case of daim 1, wherein said rigid cover In said rear cover plate. 

is constoucted of alumimim that is machmcd ^XThc module case of daim 22. wherdn said printed 

15. A module case for bousing dectncal components. removable from said rear cover plate, 
con^aising: 24. The module case <rf daim 16. further induding at least 

a rigid cover induding a protective top panel, bottom ^ne jHintcd circuit board housed within said module case. 

paneL left side panel and rigjjt side panel said rigid and a ptogrammod processor mounted thereto, a memory 

cover having a firontal opening and a rear opening; chip held within an integrated circuit socket mounted to said 

one said left or right side pands bdng constructed so as printed dicuit board* and said module case includes a 

to be snap fittable to said top panel and said bottom window opening aligned with said memory chip so that said 

panel and thus removable therefrom; memory chip can be replaced without removing the printed 

said snap fit construction indudes a respective dongate cirmt board from said naodide c^e. 

roundededgefotmedonsaidtoppanel^lndsaidbottom '^^''^^^^i^ 

panel, and^ing side edgesTsaid removable side PT^.^"' ^^^^t^^ri"^ f ^ 

,1- • i J ^ . » * said iJiinted circuit board havmg sddcrcd thereto a plurahty 

panel each indude a cuimed cfaannd receptacle for . , ^ ^ j -j ■ * • 

i/ouw MH^tmauw^ a x-uy^^ vuauiii^ ta^^/t4»uiw lui ^ doctncal contacts. and said rear cover plate is 

receivmg therein said rounded edge; constructed as an insulator for supporting eadi said contact 

a faceplate separate from said rigid cover for providing a of each said printed circuit board. 

frontal protective cover; 63 26. The module case of claim 16. fiirther induding in 

a rear cover plate separate from said rigid cover for combination a plurality of module cases, each having sepa- 

providing a rear (H'otective coven and rate dectrical conqxinents. and further induding in combi- 



12/02/2002, EAST Version: 1.03.0002 



5.757,617 



19 



20 



nadoD a housing having guide rails for supp<»ting each said 
module case at only four elongate contact surface areas, each 
said surface area contacting a respective said beveled comer 
to thereby provide a precise registration oi each module 
within said chassis. 

27. A module case for housing electrical con^wnents, 
con^sing: 

a rigid cover including a protective top panel, bottom 
paneL left side panel and right side panel* said rigid 
cover having a frontal opening and a rear opening; 

a facq>late separate from said rigid cover for providing a 
frontal protective oovei; 

said faceplate indudtng a hingeable puU-tab for grasping 
thereof to pull said module case, and further inchiding 
a slop formed on said faceplate so that when in a rest, 
non-hinged position* said pull-tab is nonparallel to said 
facq}late; 

a rear cover plate separate from said rigid cover for 
providing a rear protective cover; and 

a plurality of electrical contacts supported by said rear 
cover plate, said electrical contacts for providing elec- 
trical connections to conqmnents housed within said 
module case. 

28. The module case of claim 27 wherein said faceplate 
has no screw holes in a frontal surface <x a side edge thereof, 
and wherein said facq>Ute has threaded boles fc»med on a 
back side thereof for holding said facq>late engaged in tbe 
frontal opening <^ said rigid cover. 

29. The module case of claim 28, further including 
elongate threaded screws engaged between said feoeplate 
and said rear cover plate to c<xxipressively hold said face- 
plate and said rear cover plate in the respective frontal and 
rear openings of said rigid coven 

50. The module case of claim 29. wherein said elongate 
threaded screws engage only said faceplate and said rear 
cover plate. 

3L A module case foi housing electrical con^xmcnts, 
cojiqxrising: 

arigid oovff having a protective top pancL bottom paneL 
left side panel and right side panel, said rigid cover 
having a frontal opening and a rear opening; 

a f acq)iate separate from said rigid cover for providing a 
frontal protective coven 

a rear cover plate separate from said rigid cover for 
providing a rear protective cover; 

a plurality of dongate screws engageable with said rear 
cover plate and said f acq;>late. wittiout being threadably 
engaged with said rigid cover, for compressively hold- 
ing said rigid cover therebetween when said elongate 
screws are secured; and 

a plurality of dectrical ccoitacts supported by said rear 
cover plate, said electrical contacts for providing elec- 
trical connections to conq>oneDts housed within said 
module case. 
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32. A module case for housing electrical components, 
comprising: 

a rigid cover having a protective top panel, bottom panel, 
left side panel and ri^t side panel, said rigid cover 
^ having a frontal opening and a rear opening; 

a facq)late separate from said rigid cover for providing a 

frontal protective cover; 
a rear cover plate separate from said rigid cover for 
10 providing a rear protective cover, 

said left and right side panels each include a stop pro- 
truding from an inner surface thereof, and said face- 
plate and said rear cover panel have corresponding 
engaging surfaces engaging the stops, thereby enhanc- 
ing the rigidity of the faceplate and the rear cover when 
attached to said rigid covo*; and 
a plurality of electrical contacts sui^>Qrted by said rear 
cover plate, said electrical contacts or providing elec- 
20 trical connections to con^nents housed within said 
module case. 

33k A module case for housing electrical conqxments, and 
ad^ted for insertioa into a chassis, conqxising: 
a thrcc-sidcd rigid cover providing a protective top paneL 
25 bottom panel and a first side panel; 

a second side panel constructed so as to be snap fittable to 

said top and bottom panels; 
said three-sided rigid cover having a top and tx>tt(Hn 
elongate beveled comer, and said second side panel 
having a top and bottom elongate bevel comer, said 
beveled comers being adapted for guiding said module 
case y/hca inserted into the chassis; 
a facq>late separate from said rigid cover for j^oviding a 
35 frontal protective cover; 

a rear cover plate constructed of an insulator, and being 
sq>arate from said rigid cover for providing a rear 
protective cover; 
a plurality of electrical contacts individually supported by 
40 said insulator rear cover plate, said electrical contacts 
for providing electrical connections; and 
a plurality of screws engaging with said faceplate and said 
rear cover plate for holding said three-sided rigid cover 
therebetween. 

34. The module case of claim 33. wherein said plurality 
of screws c(»npres5ively hold said three-sided rigid covier 
between said faceplate and said rear cover plate without 
being threadably fastened into said three-sided cover plate. 

35. The module case of claim 33, wherein said second 
50 side panel is constructed so as to be snap fittable to said 

three-sided rigid cover. 
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[57] ABSTRACT 

A chassis for containing electromagnetic interference 
("EMI") generating equipment and methods of operation 
and manufacturing thereof. The chassis includes: (1) a 
cabinet having a base waU, the base wall having hinge race 
slots located along a forward edge thereof, lances between 
the hinge race slots and the forward edge forming hinge pins 
and (2) a door having arcuate hinge races extending firom a 
hinge edge thereof and through corresponding ones of the 
hinge race slots to cooperate with the hinge pins to form 
hinges for the door. The hinge races have locking tabs 
extending laterally therefrom. The locking tabs have bent 
portions preventing the hinge races firom being withdrawn 
from the hinge race slots. 

7 Claims^ 4 Drawing Sheets 
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ELECTRONICS CHASSIS AND METHODS 
OF MANUFACTURING AND OPERATING 
THEREOF 

This application is a division of application Ser. No. 
08/847^09, filed on May 1, 1997, currently pending. The 
above-listed Ser. No. 08/847,209 is commonly assigned with 
the present invention and is incorporated herein by refer- 
ence. 

TECHNICAL FIELD OF THE INVENTION 

The present invention is directed, in general, to an elec- 
tronics chassis, and more particularly to an electronics 
chassis for containing electronic equipment that generates 
electromagnetic interference ("EMI") and methods of manu- 
facture and operation thereof, 

BACKGROUND OF THE INVENTION 

It has become customary to house electronic equ^ment, 
such as telecommunications equipment, in electronics chas- 
sis. Frequently, such chassis are designed to be rack- 
mountable to provide efiScient storage for large quantities of 
equipment. In places where such large quantities of equip- 
ment are operated, space is typically at a premium. 
Accordingly, customers of chassis and racks are sensitive 
about devoting space to other than the equipment itself. 

One type of chassis commonly encountered in rack- 
mountable form provides a means by which electrically to 
interconnect and cool equipment divided into modules and 
located in bays within the chassis. Such chassis are charac- 
terized by a rear cabinet and a hinged door on a front side 
thereof that can be opened to gain access to the modular 
equipment housed therein and closed to protect the modular 
equipment or to improve the cooling or appearance thereof. 

It is necessary to provide a hinge for such doors that meets 
several, sometimes conflicting, requirements. First, the 
hinge should not add to the overall height of the chassis so 
as not to increase the overall height of the rack. Second, the 
hinge should not compromise the safety or structural integ- 
rity of the chassis as a whole; it should be able to withstand 
years of use. Ttird, the hinge structure should not impede 
the use of conventional equipment modules. In other words, 
the hinge should not protrude into the bays so as to interfere 
with the insertion or removal of equipment modules. Fourth, 
the hinge must not allow substantial EMI to escape from the 
chassis. Given the higher operating frequencies of today's 
telecommunications equipment, it is necessary to insure that 
long gaps that would allow radiation to escape from the 
chassis are not allowed to exist therein. Fifrb, the hinge 
should not unduly add to the cost (material or labor) of 
manufacturing the chassis. Sixth, the hinge structure should 
not interfere with the serviceability of the chassis itself, apart 
from the equipment modules that may be located therein. 
Seventh, the hinge structure should not detract from the 
appearance of the front of the chassis. Eighth, the hinge 
structure should discourage significant amounts of air from 
passing into or out of the chassis around the door. As slated 
above, such chassis are frequently provided with a central 
cooling, requiring a defined flow for cooling air to be 
established through the chassis. Were the hinge structure to 
interfere with this flow by introducing an undesired inlet or 
outlet, the overall cooling capacity of the chassis could be 
compromised. 

Finally, it is most desirable that the door be joined to the 
cabinet as a last step during manufacture thereof. The door 
usually is the most visible portion of the chassis and accord- 
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ingly frequently contains graphics and other attractive 
designs that, were the door subjected to a larger part of the 
manufacturing process, could be damaged. 

The obvious solution, and commensurate with that found 

5 in the prior art, is to provide a piano hinge that runs the 
length of the door. However, some chassis designs provide 
slots in the door to allow the equipment modules within the 
chassis to be viewed or contacted from without the chassis 
when the door is closed. The presence of the slots requires 
a piano hinge to be separated into many short lengths. 

Some equipment modules require latches to engage and 
extract the modules from the backplane. To conserve space 
efficiencies, the latches are located low on the modules. 
Discontinuities must be introduced into a piano hinge to 
allow the latches to pass the binge when the equipment 
modules are inserted into or removed from the chassis. 
Whether viewability or latch clearance is the issue in a given 
application, fabricating a discontinuous hinge to accommo- 
date either can be quite difficult and expensive. 

20 A less expensive solution is to eliminate the short lengths 
of piano hinge except for those at the extreme ends of the 
door. While this reduces somewhat the cost of manufactur- 
ing the chassis, the short lengths of piano hinge necessarily 
have long gaps therebetween that can admit or release EMI, 

25 degrading the electromagnetic performance of the chassis as 
a whole. 

Therefore, what is needed in the art is a lower cost, more 
effective way of hinging a door to a cabinet to form an 
electronic chassis. 

^0 SUMMARY OF THE INVENTION 

Accordingly, to address the above-described deficiencies 
of the prior art, the present invention provides a chassis for 
containing EMI-generating equipment, including: (1) a cabi- 
net having a base wall, the base waU having hinge race slots 
located along a forward edge thereof, lances between the 
hinge race slots and the forward edge forming hinge pins and 
(2) a door having arcuate hinge races extending from a hinge 
edge thereof and through corresponding ones of the hinge 

^ race slots to cooperate with the hinge pins to form hinges for 
the door. The hinge races have locking tabs extending 
laterally therefrom. The locking tabs have a bent portion 
preventing the hinge races from being withdrawn from the 
hingp race slots. 

45 The present invention therefore introduces a novel hinge 
mechanism employing locking tabs on the hinge races. 
When the locking tabs are bent, the hinge races are unable 
to pass through the hinge race slots and therefore cooperate 
to form a hinge for the door. The locking tabs may subse- 

50 quently be unbent to allow the hinge races to be withdrawn 
from the hinge race slots, allowing the door to be removed 
from the cabinet. 

In one embodiment of the present invention, the cabinet 
and the door are composed of metal, the hinges interrupting 

55 gaps between the forward edge and the hinge edge to 
attenuate the EMI. As described above, long gaps (on the 
order of several inches) between the door and the cabinet can 
act as a radiator, aUow EMI to be admitted into or escape the 
chassis. The hinge structure described above can be 

60 employed to interrupt these gaps and prevent EMI from 
escaping. 

In one embodiment of the present invention, the hinge 
edge of the door interferes with the base waU when the door 
achieves the desired maximum angle of rotation with respect 
65 to the base wall to prevent overrotation of the door. 

In one embodiment of the present invention, the hinge 
pins are located without a plane of the base wall. In the 
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embodiment to be illustrated and described, the lances are cooling ports 115 allow a cooling fluid, conmiODly air, to 

urged outward (downward, as viewed upright) with respect pass through the cooling ports 115 of the bottom wall 114 

to the cabinet. This allows the hinge to be clear of any and the top wall 113 (vertically, if the chassis is oriented as 

modules (or latches thereof) that are placed within the shown in FIG. 1). A plurality of dividers 116 define the 
chassis. Of course, this need not be the case. 5 equipment bays 120. 

In one embodiment of the present invention, the bent ^^^j^ ^^^her includes control circuitry 150 that 

portions are displaceable to allow the hinge races to be °^*y ^ employed, for example, to provide common control 

withdrawn from the hinge race slots. ^"T' l""' ^^^^J^iP"^*^"^ .^^^ ."^^^ !f ^^f^ 

° mto the chassis 100. The control cu-cuitry is coupled to the 

In one embodiment of the present invenUon, the door equipment modules by a bus 160, which may take the 

cooperates with the equipment to form a barrier as against physical form of a "backplanes" on a rear wall of the cabinet 

air flow through the door when the door is in a closed j^jq 

position with respect to the cabinet In an embodiment to be ^ ^^^^ ^ ^^^^ ^^^^ ^ ^^ ^^ 

Illustrated and descnbed, the door has slots in it that aUow ^^^.^^^ ^ ^^^^ ^ 

visual mspection of, or contact with modules withm the ^ designated 140, that cooperate to form a hinge for 

chassis without having to open the door When modules ^ ^^^^^^ ^ -^^ 

occupy the chassis, the slots ^ue substatiaUy blocked. The ^^^^ ^^^^^j advantageous features. First, the hinge portions 

hmgc of present mveohonftKther prevents an obsl^^^ -^4^ ^^^^ ^ 

air flow from under the door, thereby help to maintam the ^^^^^ ^^^^ of rotation with respect to the base wall 114. 

desired air flow path within the chassis. g^^^^ ^^^^ ^^^ions 140 arc preferably flush with 

In one embodiment of the present invention, the chassis respect to the base wall 114, allowing the equipment mod- 
further comprises a latch that secures the door in a closed ules (not shown) to be inserted into or removed from the 
position with respect to the cabinet. The latch may be base 120 without interfering with the hinge portions 140. 
released to allow the door to open, perhaps to its desired This specific way in which this is accomplished will be 
maximum angle of rotation with respect to the base wall. described most particularly with reference to FIG. 4, below. 

The foregoing has outlined, rather broadly, preferred and Third, the hinge portions 140 provide a plurality of ground- 
alternative features of the present invention so that those ing points between the door 130 and the cabinet 110, 
skilled in the art may better understand the detailed descrip- interrupting gaps on the order of several inches that would, 
tion of the invention that follows. Additional features of the if present, radiate EMI from, or admit EMI into, the chassis 
invention will be described hereinafter that form the subject 30 100, Further, the hinge portions 140 are preferably hidden by 
of the claims of the invention. Those skilled in the art should the door 130 when viewed from the front of the chassis 100 
appreciate that they can readily use the disclosed conception with the door 130 closed. This enhances the overall appear- 
and specific embodiment as a basis for designing or modi- ance of the chassis 100. Finally, it should be noted that the 
fying other structures for carrying out-the same purposes of door 130 contains a plurality of vertical slots 131. Each of 
the present invention. Those skilled in the art should also 35 the plurality of slots 131 is adapted to allow the front bezels 
realize that such equivalent constructions do not depart from or modular equipment (not shown) located in the chassis 100 
the spirit and scope of the invention in its broadest form. to be viewed or contacted from the front of the chassis 100 

when the door 130 is in a closed position. The bezels on the 

BRIEF DESCRIPTION OF THE DRAWINGS front of the modular equipment cooperate where the remain- 

For a more complete understanding of the present 40 dcr of the door 130 to restrict airflow through the vertical 

invention, reference is now made to the following descrip- slots 131, ensuring that most airflow is realized by way of 

tions taken in conjunction with the accompanying drawings, cooling ports 115. 

in which: Finally, FIG. 1 shows a pair of latches 132 on left and 

HG. 1 illustrates a partial front side isometric view of one ('^ iUustrated) of the door p. The latches 132 
embodiment of the electronics chassis of the present inven- « ""^'f, ^th <»rresponding receptacles 117 in the cabmet 110 

^Qjj. to allow the door 130 to be fixed m a closed position relative 

_ ^ - ... . . J, ^ to the cabinet 110. It should be noted at this point that FIG. 

FIG. 2 illustrates a front side isometnc view of the cabmet i ■ ». - i r *l r mi. * 

- T, ^Z"^"***^* ^^""^ lauiii^ui^ vi^vT lilt v.auii«,i j ^ showD mamly for the purpose of illustrating an envi- 

^ ' \ ronment in which the present invention can operate. Because 
FIG. 3 illustrates a reverse-angle elevational view of the jq the present invention is directed to a hinge, the shape, 

door of FIG. 1 in a flat form prior to bending; and composition and contents of the cabinet 110 or other features 

FIG. 4 illustrates a detailed cutaway elevational view of of the door 130 are completely unnecessary to the present 

a single hinge portion constructed according to the present invention. 

invention. Turning now to FIG. 2, iUustrated is a front side isometric 

nt?xATTT?r» f^tcr-DnynriM ^^^^ °^ cabinet 110 of FIG, 1, minus many other 

UblAILbD Ut^CKlKilUJN stmctural elements of the chassis 100, such as the dividers 

Referring initially to FIG. 1, illustrated is a partial front 116, that were illustrated in FIG. 1. FIG. 2 is included 

side isometric view of one embodiment of the electronics primarily for the purpose of illustrating the presence and 

chassis of the present invention. The electronics chassis, relative relationship ofa plurality ofhinge race slots 211 and 
generally designated 100, comprises a cabinet HO having a 60 lances 212 located along a forward edge 213 of the cabinet 

plurality of separate equipment module bays (one of which 110. ConventionaUy, the cabinet 110 is maniifactured by a 

is referenced as 120) therein for receiving one or more stamping process, wherein ports, slots and breaks are formed 

equipment modules (not shown), such as lelecommunica- in a flat sheet of metal to fabricate the cabinet 110. During 

tions equipment. The cabinet 110 comprises sidewalk 111, this stamping process, the hinge race slots 211 and lances 
112, a top waU 113 and a base wall 114. Each of the top wall 65 212 may be formed without incurring additional manufac- 

113 and the bottom wall 114 is illustrated as having cooling turing steps. Preferably, the lances 212 are formed outside of 

ports, one of which is referenced as 115, formed therein. The (offset from) the plane of the base waU 114 of the cabinet 
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no. The reason for this ofiEset will be set forth in greatest 
detail in it conjunction with a description of FIG. 4, below. 

Turning now to FIG. 3, illustrated is a reverse-angle 
elevational view of the door 130 of FIG, 1 in a flat form prior 
to bending. In other words, FIG. 3 illustrates an inner surface 
of the door 130. FIG. 3 is presented primarily for the purpose 
of showing details of the hinge races 310. The door 130 is 
illustrated as being initially stamped from a flat metal sheet. 
Following stamping, the hinge races 310 are bent into an 
arcuate shape. However, FIG. 3 shows the hinge races 310 
before they have been so bent better to illustrate their shape. 
The hinge races 310 extend from a hinge edge 320 of the 
door 130 and are adapted to pass through corresponding 
ones of the hinge race slots 211 of FIG. 2 and thereafter to 
cooperate with the lances 212 (now acting as hinge pins) to 
form a hinge for the door 130. The hinge races 310 of FIG. 
3 have locking tabs 311 extending laterally therefrom. The 
locking tabs 311 have bent portions (illustrated particularly 
in FIG. 4) that, when bent, prevent the hinge races 310 from 
being withdrawn from the hinge race slots 211 of FIG. 2. 

Turning now to FIG. 4, illustrated is a detailed cutaway 
elevational view of a single hinge portion constructed 
according to the present invention. Shown are the base wall 
114 and door 130 of FIG. 1. Also shown are one each of the 
hinge race slots 211 and lances 212 (now acting as a hinge 
pin) of FIG. 2. Further shown are one each of the hinge races 
310 and locking tabs 311 of FIG. 3. It can now be seen that 
the hinge race 310 is bent into an arcuate shape and extends 
through the binge race slot 211. It can also be seen now that 
the locking tab 311 contains a bent portion 410. As the door 
130 is rotated toward a fully open position, a hinge edge 420 
of the door 130 rotates about and eventually comes into 
interference with the base wall 114 when the door 130 
reaches a desired maximum angle of rotation with respect to 
the base wall 114. This prevents overrotation of the door 130 
with respect to the base wall 114. The hinge edge 420 may 
be extended downward (as the door 130 is shown in FIG. 4) 
to decrease the desired maximum angle of rotation or may 
be reduced in length to increase the desired maximum angle 
of rotation. 

It is further illustrated in FIG. 4 that the hinge race 310 
does not extend above the plane of the base wall 114. This 
is because the lance 212 was formed below the plane of the 
base wall 114 by a distance at least equaling a thickness of 
the metal constituting the door 130. This ensures that the 
hinge portion does not interfere with die insertion or 
removal of equipment modules. 

A method of manufacturing the chassis of the present 
invention may be as follows. First, the cabinet 110 is formed 
by means of a stamping process. Second, structures within 
the cabinet 110, such as dividers and an electrical backplane, 
may be added. Third, the ctoor 130 is formed, preferably also 
by a stamping process. Fourth, the hinge races 310 are bent 
into an arcuate shape. (However, it is noted that the locking 
tabs 311 should remain unbent, allowing the hinge races 310 
to be inserted through the hinge race slots 211.) Next, the 
hinge races 310 are inserted through the hinge race slots 211. 
The locking tabs 311 are then bent with respect to the 
remainder of the hinge races 310. This may be done by 
means of twisting by, for instance, conventional needle nose 
pliers. This forms the bent portion 410 illustrated most 
clearly in FIG. 4. 

Creating a bent portion 410 in each hinge race 310 causes 
the hinge races 310 to resist being withdrawn from the hinge 
race slots 211, thereby preventing the door 130 from being 
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separated from the base wall 114. Further, the hinge edge 
420 of the door 130 is brought into alignment with the base 
wall 114, causing them to act as overrotation limits to 
prevent the door 130 from exceeding a desired maximum 

5 angle of rotation v^th respect to the base wall 114; 

From the above, it is apparent that the present invention 
provides a chassis for containing EMI -generating equip- 
ment. The chassis comprises: (1) a cabinet having a base 
wall, the base wall having hinge race slots located along a 

10 forward edge thereof, lances between the hinge race sbts 
and the forward edge forming hinge bends and (2) a door 
having arcuate hinge races extending from a hinge edge 
thereof and through corresponding ones of the hinge race 
slots to cooperate with the hinge pins to form hinges for the 

15 door. The hinge races have locking tabs extending laterally 
therefrom. The locking tabs have bent portions preventing 
the hinge races from being withdrawn from the hinge race 
slots. 

Although the present invention has been described in 
detail, those skilled in the art should understand that they can 
make various changes, substitutions and alterations herein 
without departing from the spirit and scope of the invention 
in its broadest form. 

What is claimed is: 

1. A method of manufacturing a chassis for containing 
electromagnetic interference (EMI)-generating equipment, 
comprising the steps of: 

forming a cabinet having a base wall, said base wall 
having hinge race slots located along a forward edge 
thereof, lances located between said hinge race sbts 
and said forward edge forming hinge bends; 

forming a door having arcuate hinge races extending from 
a hinge edge thereof, said hinge races having locking 
35 tabs extending laterally dierefrom; 

inserting said hinge races through corresponding ones of 
said hinge race slots, said hinge races and said hinge 
race slots cooperating to form hinges for said door; and 

bending said locking tabs to form bent portions thereon, 
40 said bent portions preventing said hinge races from 
being withdrawn frx)m said hinge race slots. 

2. The method as recited in claim 1 wherein said cabinet 
and said door are composed of metal, said hinges interrupt- 
ing gaps between said forward edge and said hinge edge to 

45 attenuate electromagnetic interference. 

3. The method as recited in claim 1 further comprising the 
step of locating said hinge edge of said door to interfere with 
said base wall when said door achieves a desired maximum 
angle of rotation with respect to said base wall to prevent 

50 overrotation of said door. 

4. The method as recited in claim 1 wherein said step of 
forming said cabinet comprises the step of forming said 
lances oflEset from a plane of said base wall. 

5. The method as recited in claim 1 further comprising the 
55 step of displacing said bent portions to allow said hinge 

races to be withdrawn from said hinge race slots. 

6. The method as recited in claim 1 wherein said door 
cooperates with said equipment to form a barrier against air 
flow through said door when said door is in a closed position 

60 with respect to said cabinet. 

7. The method a s recited in claim 1 further comprising the 
step of securing said door in a closed position with respect 
to said cabinet with a latch coupled to said door and said 
cabinet. 
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ABSTRACT 



A logic controller formed by self-contained device modules 
plugged onto a DIN rail and onto a backplane contained in 
the DIN rail, the modules variously comprising a power 
supply, a logic control, I/O devices and gateways, each I/O 
device having microprocessor power, and the modules hav- 
ing a sHding lock movable into position adjacent DIN-rail- 
engaging flexible tabs to block deflection of the tabs and 
removal of the module from the DIN rail, 

11 Claims, 5 Drawing Sheets 
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LOGIC CONTROLLER HAVING DIN RAIL 
BACKPLANE AND LOCKING MEANS FOR 
INTERCONNECTED DEVICE MODULE 

CROSS-REFERENCE TO RELATED 
APPUCAnONS 

Not i^plicable 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

Not Applicable 

MICROFICHE APPENDIX 

Not Applicable 

BACKGROUND OF THE INVENTION 

The present invention relates to logic controllers. Particu- 
larly this invention relates to plug-in device modules such as 
I/O modules which attadi to a logic controller backplane. 
Such controllers commonly have the backplane mounted 
within an open molded housing to which the plug-in mod- 
ules are attached at predetermined locations to complete the 
housing and plug in to the backplane. In such apparatus, 
neither the housing containing the backplane nor the plug-in 
device module represent complete stand-alone enclosed 
assemblies. Known controllers are restricted in an ability to 
expand or be connected to remote modules or controllers. 

BRIEF SUMMARY OF THE INVENTION 

This invention provides a logic controller wherein device 
modules for the logic controller are individual, self- 
contained device modules which may be mounted directly to 
a DIN rail. Moreover, this invention provides a logic con- 
troller having device modules of the aforementioned type 
and wherein the backplane for the logic controller is 
mounted directly to the DIN rail. The device modules are 
attached to the DIN rail in a straight-on motion which 
facilitates a plug-in connection with a connector of the 
backplane and are secured to the DIN rail and to the 
backplane by a single lock lever accessible from the front of 
the device module. Still farther this invention provides a 
device module which is capable of active attachment to a 
backplane and which may be connected in parallel with the 
backplane to a remote module by means of a jumper to the 
remote device. This device module is further capable of 
daisy chain connection from one module to another if a 
backplane connection is not available or desired. The 
invention, its features and advantages, will become more 
readily apparent in the following description when read in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a three-dimensional showing of a logic control- 
ler comprising a DIN rail having a backplane assembly and 
a plurality of device modules attached to the DIN rail and 
backplane; 

FIG. 2 is a three-dimensional view of the DIN rail and 
backplane assembly of this invention; 

FIG. 3 is an isometric view of an individual device 
module from FIG. 1, viewed from the lower front of that 
device; 

FIG. 4 is an isometric view of the device module of FIG. 
3 viewed from the lower back of the device; 

FIG. 5 is an exploded isometric view of the device module 
of FIGS. 3 and 4; 
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FIG. 6 is a cross-sectional view of the device module of 
this invention taken along the line 6 — 6 in FIG. 3; 

FIG. 7 is a fragmentary cross-sectional view similar to 
FIG. 6, but showing a lock lever in an operated position; 
^ FIG. 8 is a fragmentary cross section view taken along the 
Kne in FIG. 7; and 

FIG. 9 is a schematic view of the device module of this 
invention showing electrical interconnection of connectors 
for the module. 

10 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A logic controller 2 constmcted according to the invention 

J J is shown in FIG. 1. A DIN rail 4, shown separately in FIG. 
2, comprises an elongated channel having a flat base 4a, 
forwardly directed lateral side walls 4b and outwardly 
directed moxmting flanges 4c along the forward edges of side 
walls 4b, A plurality of longitudinally spaced openings 4d 
are provided in the base 4a along the length thereof for 
mounting the DIN rail to a panel or the like. 

A backplane assembly 6 is secured to the base 4a of DIN 
rail 4. Backplane assembly 6 comprises an ebngated mul- 
tilayer laminated printed wire board (PWB) 6a having traces 

25 printed on several of the layers according to a well known 
process. The trace pattern of the several layers is not 
specifically shown, but it is such as to. provide power and 
communication bus along the length of the assembly. The 
PWB 6a is provided with through hole patterns at spaced 

30 intervals along the length to which pin connectors 6b are 
attached. The pins extend through the holes in the PWB 6a 
and connect to the particular traces. The pins are held within 
the insulating housing of the connector 6b such that the 
housing is trapped against the front surface of PWB 6a. An 

35 insulator strip 6c is aflSxed to the back side of PWB 6a by 
an adhesive or the like. PWB 6a and strip 6c have longitu- 
dinally spaced openings 6d whidi generally correspond with 
the openings 4d in the DIN rail base. Backplane assembly 6 
is preferably affixed to the base 4a of DIN rail 4 by an 

40 adhesive, although mechanical attachments such as by rivets 
is also contemplated. 

A plurality of device modules 8, 10, 12 and 14 are 
attached to the DIN rail 4 and backplane assembly 6 as can 
be seen in FIG. 1. Device module 8 is a power supply 

45 module^and typically is a douDie width module. Power 
supply module 8 has a double element phone jack commu- 
nication connector 16, a three-pin communication connector 
18 and a power connector 20, all accessible at a front face 
thereof Device modules 10, 12 and 14 are 1/0 modules, 

50 each essentially identical externally. Each I/O module 10, 12 
and 14 has a multi-pin connector 22 in the front face for 
receiving a hard-wired connection plug (not shown). Other 
modules may be attached to the DIN rail and backplane 
assembly such as a logic controller, network gateways, or 

55 the like. 

The I/O device module 14 is shown individually in FIGS. 
3, 4 and 5 as being typical of the modules 10, 12 and 14. It 
comprises a hollow insulating housing 24 which is open to 
the front. A Y-shaped lock lever 26 is disposed in housing 24 

60 against a near side wall as oriented in FIG, 5. The distal ends 
26fl of the upper legs of the Y-shaped lock lever are slidably 
received within slots formed by molded projections 24a and 
24b on the side waUs (FIGS. 6, 7 and 8). The base 26b of the 
Y-shaped lock lever forms the handle for the lock lever as 

65 will become apparent hereinafter. A logic board assembly 28 
is also disposed within the insulating housing 24. The 
particular module 14 illustrated is an output module and thus 
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the logic board 28 is a relay board containing tea relays 30 
and other components of the output device such as a 
microprocessor controller chip 31, and the like. The multiple 
pin connector 22 is affixed along the left-hand forward edge 
of the logic board as viewed in FIG. 5. An address setting 
rotary dip switdi 32 is mounted immediately above the 
connector 22. A pair of phone jack plugs 34 and 36 are 
positioned along a lower edge of the board and a six-pin 
connector 38 is positioned at the back edge of the board. 

Although not shown, the interior of bousing 24 and of a 
cover member 40 are suitably configured to engage and hold 
the logic board assembly 28 securely in place when the 
enclosure assembly is completed. Cover member 40 has a 
plurality of snap tabs 40a which engage rectangular open- 
ings 24c in housing 24 to attach the cover 40 to the housing 
24. The lower wall of cover 40 as oriented in FIG. 5 has an 
extension 40£? that fills a space in housing 24 adjacent phone 
jack connectors 34 and 36 to complete the lower wall of the 
module. One side wall of cover 40 has a central recess 40c 
into which handle 26^ of lock lever 26 is disposed for sliding 
movement. The inner face of recess 40c has a pair of 
sub-recesses 40t^ and 40^. Lode lever 26 has a resilient tab 
26c formed by a U-shaped slot in the base of that lever. A 
domed-shaped projection 26^ is formed on one side of the 
tab 26c to engage in either sub-recess 4Qd or 40^ as 
determined by the position of the lock lever 26, i.e., whether 
the lock lever is extended in its inoperative position or 
depressed to its operative position as will be apparent 
hereinafter. Immediately forward of tab 26c is a transverse 
bar 26e integrally formed on the lock lever which abuts the 
forward edge of housing 24 in the depressed, operative 
position of the lode lever to positively locate the operating 
position of the lever. Cover number 40 further has appro- 
priate openings in the front face thereof for indicator LED's 
(not specifically shown), the adjusting knob of rotary dip 
switch 32, and the multiple pin connector 22, 

Referring particularly to FIGS. 4 and 6, the back wall of 
housing 24 is centrally recessed at 24d. A pair of flexible tabs 
24c are integrally molded on the housing, and extend 
rearward along opposite ends of the recessed area 24<^. The 4^ 
facing surfaces of tabs 24e have curved convex bosses 
thereon which provide an interference with outer edges of 
flanges 4c of DIN rail 4 when the device module 14 is 
attached to the DIN rail. Straight-on pressure to the module 
14 causes the tabs 24c to deflect outwardly away &om each 45 
other and snap over the edges of the DIN rail flanges 4c. 
When the surface of recess 24^ seats flush against the 
forward surface of DIN rail flanges 4c, the flexible tabs 4c 
spring back inwardly to grip the edges and hold the module 
tightly against the flanges. 50 

The aforede scribed attac hmen t nf mndul ^ 14 to DTN rail 
4 also effects plug-in cormection between coimector 38 
(accessible through an opening in recessed area 24d of 
housing 24) and a connecto^ w Sf th r backplane as s em b ly. 

Housing 24 has wall portio ns24fspac£dJcoB3-afld'paratlel 55 
with tabs 24e. Openings are provided in hnii<iing 24 aHjarpni 
the roots of tabs 24c, through which openings ofOset ends 26/ 
of the distal ends 26a of lock lever 26 project. Movement of 
lock lever 26 to its depressed position wherein bar 26c abuts 
the forward edge of housing 24, moves offset ends 2 6/ into 60 
the space between wall portions 24/ and flexible tabs 24c, 
thereby blocking outward movement of the tabs away firom 
each other and securely holding the module 14 to DIN rail 
4 and backplane assembly 6. Therefore, attachment of plugs 
to the pin connectors 22 at the front of the device modules 
can be made without concern that the module itself will 
come loose from its backplane connection. 
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Phone jack connectors 34 and 36 are cotmected in parallel 
with connector 38 as may be seen in FIG. 9, thereby 
enabling paraUel connection of the logic controller on DIN 
rail 4 to another remote module or controller by means of a 
jumper from the appropriate phone jack connectors 34 and 
36 to the similar connectors on the remote device. 
Alternatively, the device modules may be attached to a 
customary DIN rail not having the badcplane assembly 6 
and be daisy chain connected by jumpers via the phone jacks 
34 and 36 in a known manner. 

The foregoing has described a particular improved logic 
controller which eliminates a need for a separate bousing 
member for a backplane assembly. Although the logic 
controUer, DIN rail and baclqilane assembly and the device 
modules have been shown in a single prefenred embodiment 
representing the best mode contemplated of carrying out the 
invention, it is to be understood that the invention is sus- 
ceptible to various modifications and changes without 
departing from the scope of the appended claims. 

What is claimed is: 

1. Logic control apparatus comprising: 

a DIN rail mounting chaimel having an elongated base, 
fowardly directed walls along opposite longitudinal 
edges of said base, and co-planar flanges extending 
outwardly along respective dttstal edges of said walls; 

an elongated backplane assembly carried by said DIN rail 
adjacent said base, said backplane assembly compris- 
ing a printed wire board having conductive traces 
thereon, and plug-in coimectors attached thereto at 
longitudinally spaced intervals, said plug-in connectors 
being electrically connected to said conductive traces 
and projecting forwardly between said walls; and 

device modules attached to said DIN rail flanges, said 
device modules each comprising means securing said 
device module to said flanges, and a logic board 
comprising a backplane connector coupled to a respec- 
tive said plug-in connector, remote device connector 
means, logic control means for processing electrical 
signals between said rsmQl e^dcvice connector m eans 
and.sdd Jiackplane connecto r, and a switcn selectively 
settablfc-fbiiassigning: a netwoik jddtebs fot s^^ffiod- 



2. The logic control apparatus defined in claim 1 wherein 
each device module comprises a pair of phone jack connec- 
tors connected in parallel with said backplane connector for 
alternate daisy chain connection of said modules and for 
jumpered connection to a remote device module. 

3. The logic control apparatus defined in claim 2 wherein 
said logic control means comprises a microprocessor. 

4. The logic control apparatus defined in claim 1 wherein 
said device module comprises a housing and cover 
assembled to provide a unitary enclosure for said device 
module, said housing and cover having respective openings 
for access to said backplane connector, remote device con- 
nector means and said switch. 

5. The logic control apparatus defined in claim 4 wherein 
said securing means comprises flexible tabs projecting from 
said housing, said tabs having inwardly convex bosses on 
respective facing surfaces engageable with outer edges of 
said DIN rail flanges, said tabs being deflected outwardly by 
said flanges when said module is pressed onto or pulled from 
said DIN rail. 

6. The logic control apparatus defined in claim 5 wherein 
said securing means comprises a lock lever slid ably 
mounted in said housing, said lock lever having a handle 
extending outside said housing at a forward portion of said 
housing, said lock lever further having portions aligned in 
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Openings in said housing adjacent said tabs, depression of 
said lock lever handle portion into said housing effecting 
movement of said portions alongside said tabs, blocking 
outward deflection of said tabs. 

1, The logic control apparatus defined in claim 6 wherein 5 
said housing comprises rigid wall segments parallel to 
respective said tabs to define spaces between said segments 
and said tabs, said lock lever portions moving into said 
spaces upon depression of said lock lever handle portion 
filling said spaces. 10 

8. Logic control apparatus comprising: 

a Din rail mounting channel; 

a backplane assembly affixed to said DEN rail, said 
backplane assembly having a plurality of plug-in con- 
nectors; 

a power supply module attached to said DIN rail and 
connected to at least one of said plug-in connectors; 

device raodiiles attached to said DIN rail, each device 
module connected to a 20 

respective plug-in connector and having a selector switch 
manually operable for 



setting a network address for a respective said device 
module. 

9. The logic control apparatus defined in claim 8 wherein 
said device modules each comprise microprocessor logic 
controller means, 

10. The logic control apparatus defined in claim 9 wherein 
said device modules each comprise connector jacks for daisy 
chain and remote device connection, said connector jacks 
being connected electrically in parallel with said device 
module connection to said respective plug-in connector of 
said backplane. 

11. The logic control apparatus defined in claim 8 wherein 
each said device module comprises an enclosure having 
resilient tabs for gripping said DIN rail, said tabs being 
deflectable away from each other in attachment and detach- 
ment from said DIN rail, and said device module further 
comprises a slidable lode lever having blocking portions 
selectively movable into positions adjacent outer surfaces of 
said resilient tabs blocking deflection of said tabs. 



12/02/2002, EAST Version: 1.03.0002 




US006202291B1 



(12) United States Patent ao) Patent No.: us 6,202,291 Bi 

Toedtman (4S) Date of Patent: Mar. 20, 2001 



(54) APPARATUS FOR ALIGNING DEVICE 
INTERCONNECTIONS 

(75) Inventor: Thomas Tbcdtman, Aptos, OA (US) 

(73) Assignee: Greystone Peripherals, Los Gatos, CA 
(US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C 154(b) by 0 days. 

(21) AppL No.: 09/439,773 

(22) Filed: Nov. 12, 1999 

Related U.S. Application Data 

(60) Provisional application No. 60/108^1, filed on Nov. 13, 
199a 

(51) Int.a7 H05K3/32 

(52) U.S. CI. „ 29/739; 29/729; 29/757; 

29/759; 361/685; 361/727 

(58) Field of Search 361/683, 684, 

361/685, 686, 724, 725, 726, 727; 29/729, 
739, 757, 759 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,754,397 6/1988 \Hraiva et al. . 

4,988,308 1A991 Toedtman. 

5,136,466 8/1992 Remise et al. . 

5,212,681 5/1993 Bocketal. . 



5,333,097 
5,621,890 
5,721,669 
5,816,673 



7/1994 
4A997 
2/1998 
10/1998 



Christensen et al. . 
Notarianni et al. . 

Becker et at , 

Sauer et al. . 



361/685 



* cited by examiner 

Primary Examiner — Lee Young 

Assistant Examiners-Rick Kiltae Chang 

(74) Attomeyj Agent, or Firm— Larry B. Guernsey; 

Hickman Coleman & Hughes, LLP 



(57) 



ABSTRACT 



An apparatus (10) for aligning device interconnections, 
which includes a ^cture (20) having at least one reference 
plane (38, 39). The structure (20) further includes a number 
of device bays (22). The apparatus (10) also includes at least 
one interconnect assembly (40), and at least one clamp (71) 
for locking the interconnect assembly (40) in fixed spatial 
relation to the reference plane (38), A clamp release (72) is 
provided for releasing the clamp (71) so that the intercoo- 
nea assembly (40) is free to move with respect to the 
reference plane (40). A positioning guide (98) is provided for 
positioning the interconnect assembly (40) at an appropriate 
location with respect to the at least one reference plane (38, 
39) for proper alignment while the clamp (71) is released, 
before again being clamped in a fixed position with respect 
to the reference plane (38). 

A method for aligning device interconnections is also dis- 
closed. 

15 Claims, 9 Drawing Sheets 
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APPARATUS FOR ALIGNING DEVICE 
INTERCONNECTIONS 

This application claims priority from U.S. Provisional 
Application Sen No, 60/108,251, filed Nov. 13, 1998, which 
has the same inventor as the present application. 

TCCHNICAL FIELD 

The present invention relates generally to alignment fix- 
tures used in electronic testing and more particularly to 
duplication of software onto multq)le storage devices. The 
inventor anticipates that primary application of the present 
invention will be in aligning device interconnectors for 
pre-instaUing software on an array of hard drives fi-om one 
master hard drive. However, the present invention is also 
well suited to use in aligning device interconnectors for 
other manufacturing, testing, and end use applications where 
a repetitive interconnection of an electronic device or mod- 
ule gives rise to the same or similar problems common to 
this requirement. Applications such as the testing of elec- 
tronic devices, and uploading/downloading of data from 
individual devices to a common electronic system or net- 
work of systems are examples. 

BACKGROUND ART 

Although there arc certain general conventions concern- 
ing the configuration of interconnectors in electronic 
devices, there are still variations which exist firom manu- 
facturer to manufacturer. In particular the locational place- 
ment of power and signal connections to the devices are 
subject to much variation. To some extent, variations in 
location when making device interconnections have been 
dealt with by the use of flexible cables, which can be 
attached to connectors in varying spatial locations within the 
reach of the cable length, assuming the configuration of pins 
in the male portion align correctly with the corresponding 
female sockets. Each cable then must be manually guided to 
the correct position and pressed into position, taking care 
that the approach angles are within certain limits such that 
the cormector pins are not bent in the process. 

This works adequately for applications where few devices 
arc used or the devices arc expected to remain attached with 
infrequent subsequent replacements. However, for applica- 
tions where devices are plugged and unplugged repeatedly, 
as when large lots of devices are tested, or are connected for 
data transfer or software imaging, this manipulation of 
cables is cumbersome and time intensive. For these kinds of 
high-repetition applications, a more suitable method would 
be to iise connectors which allow the devices to be installed 
into a multiple device array structure. The connectors would 
be stationary, perhaps moimted on a common backplane, so 
that very minimal manipulation is required, and perhaps the 
process could even be automated. Unfortunately, the varia- 
tions in position of the connectors from manufacturer to 
manufacturer make this impractical, as a backplane set up 
for one kind of device would not be usable for devices from 
a different manufacturer. 

One example, which demonstrates the more general state 
of the industry, is the hard drive device, or HDD, as it will 
be referred to for brevity. The HDD adheres to a number of 
industry standards, including the MCC specifications which 
establish a matrix of length, width, and heights for various 
sizes commonly known as 3.5" full height, 3.5" half height, 
2.5" full height, 2.5" half height, and so on. Mounting screw 
sizes and locations, as well as electrical connections, power, 
signahng, protocol, and more, are standardized within each 
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drive size class and sub-class, however the exact locations of 
the electrical connections were not standardized. AU of the 
hard drives in the very popular sizes, such as those used by 
computer manufacturers, are reasonably similar in the place- 

5 ment of the external printed circuit board on the lx)ttom 
surface of the design, and generally position the electrical 
connectors in a similar area. 

The hard drives within a sub-class generally have the 
same number of electrical connections, for example 4 power 

10 contacts in a row of equal spacing and 40 signal contacts in 
2 rows of consistent and equal spacing. They also have 
common dielectric contact housings which extend outward 
surrotmding their respective power or signal contacts. It is 
practical therefore to consider all 4 power connections as a 

15 set with 1 positional location in relationship to external 
references. Similarly, all 40 signal connections are treated as 
a set in relationship to the external references. There are 
generally variations in the positional relationship of the 
power contact set with the signal contact set and both the 

^0 power contact set and signal contact set vary in relationship 
to the external references of the hard drive assembly. There- 
fore attempting to make connections with a second type of 
device with a stationary backplane which has been config- 
ured for a particular first device type will most likely be 

25 unsuccessful. 

Thus there is a need for an apparatus and method of 
interconnecting electronic devices which allow high repeti- 
tion usage, which are adaptable to wide positional variation 
in power and signal connector sets, and which allows 
multiple units to be processed with minimal or no human 
manipulation. 

DISCLOSURE OF INVENTION 

35 Accordingly, it is an object of the present invention to 
provide a method and apparatus for aligning multiple elec- 
tronic devices for quick insertion into an array box. 

Anothcr object of the invention is to provide an apparatus 
which can accommodate positional variations in the power 
40 and signal connections in electronic devices. 

And, another object of the invention is to provide a device 
which uses interconnectors which have a higher cycle Ufc 
than those found in standard connectors. 

A further object of the present invention is to provide a 
method of performing high-speed software imaging on as 
many as 10 storage devices at once. 

Yet another object of the present invention is to provide an 
apparatus and method by which connections are easily and 
conveniently made so that processing time is reduced. 

AstiU fiirther object of the present invention is to provide 
a spring pin contact set for power connections which is 
independent in position from the spring pin set for the 
signals. 

55 Additionally, an object of the present invention is that the 
respective spring pin sets are positioned independently of 
the mechanical guides used to locate each device. 

Briefly, one preferred embodiment of the present inven- 
tion is a method and apparatus for aligning multiple device 

60 interconnections which includes a structure having at least 
one reference plane. The structure fiirther includes a number 
of device bays. The apparatus also includes at least one 
interconnect assembly, and at least one clamp for locking the 
interconnect assembly in fixed spatial relation to the refer- 

65 ence plane. A clamp release is provided for releasing the 
clamp so that the interconnect assembly is free to move with 
respect to the reference plane. A positioning guide is pro- 
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vided for positioning the interconnect assembly at an appro- nects. As illustrated in the various drawings herein, and 

priate location with respect to the one or more reference particularly in the view of FIG. 2, a form of this preferred 

planes for proper alignment while the clamp is released, embodiment of the inventive device is depicted by the 

before again being clamped in a fixed position with respect general reference character 10. The present invention 10 is 

to the reference planes. 5 especially useful for dupHcating software packages such as 

An advantage of the present invention is that by using the pre-installed software sold with new computer systems, 

spring contact connectors cycle life is expanded from Such new computers may have multiple programs, such as 

2CX)-300 cycles in a conventional connector, to tens of the operating system and various utility programs installed 

thousands of cycles. all at the same time on the computer's hard drive to insure 

Another advantage of the invention is the manual con- Proper integration and interaction. The insUllation of such 

nector plugging process of cables is eliminated. integrated packages is called "imaging** and can be accom- 

And, another advantage of the invention is the time plished at very high speeds on multiple computers by 

required to establish power and signal connections is reading the "master** image from one "master** hard drive 

redticed by approximately 90%. and then transferring this image to a number of "slave** hard 

A further advantage of the present invention is that large drives. The present invention is very useful for providing the 

muhiples of electronic devices can be simultaneously pro- interconnections to the slave devices as the slaves are 

cessed. inserted into the invention for imaging, and then removed. 

A yet further advantage of the present invention is that FIG. 1 shows a block diagram of a system which uses the 

scrap damage costs are reduced since the use of easily bent present invention with a master device 12 connected to a 

connector contacts is eliminated. plurality of slaves 16 through a module 13 containing 

A still further advantage of the present invention is that electronics providing the image duplicating circuitry and 

there is no need to keep multiple pin interconnect systems at software to the present invention 10. The connections shown 

hand which are each separately configured for a specific are depicted as being two-way by using a two-headed arrow, 

brand and model of electronic device. The present invention application where software is being dupUcated by 

is adaptable to wide variations in power and signal connec- imaging, these connectbns are generally one-way, and 

would be more properly shown as one-headed arrows from 

An additional advantage of the present invention is that the master 12 to the interconnection device 10 and then to 

devices without built-in guides or lead-in features can be the slav^TO^However, the present invention may also find 

^S'l^^- applicatiOTTwhere a number of portable devices 16 such as 

These and other objects and advantages of the present pen based computers or notebook computers are used to 

invention will become clear to those skilled in the art in view collect data which is then transferred to a central computer 

of the description of the best presently known mode of 12 having a module 13 with electronics and software for 

carrying out the invention and the industrial applicability of receiving data through the interconnection device 10, in 

the preferred embodiment as described herein and as iUus- which case the arrow directions would be reversed. Thus, 

trated in the several figures of the drawings. doubled headed arrows are used to emphasize the potential 

BRIEF DESCRIPTION OF THE DRAWINGS eidier type of application using the present invention 10. 

... The master device 12 could also be a stand-alone computer. 

The purposes and advantages of the present mvention will ^ network source 

be apparent from the following detailed description in a • r^r^ ^ *u „ * • ia j 

. -.1. J J J - i_ As seen m FIG. 2, the present mvention 10 provides a 

conjunction with the appended drawmgs m which: , ^ i. - 11% r j • l i_ • 

^ , . , , ^ 40 sUiicmre 20 having a plurality of device bays 22 having 

FIG. 1 illustrates a block diagram of a data transfer system ^^^^ g^^es 80 into which electronic devices 82 may be 

utihzmg the present mvenUon; inscrXcd. The structure 20 in the preferred embodiment is 

FIG. 2 ^ows a front perspective view of the present generally shaped as a six sided box having a rear waU 26, a 

invention with the front wall removed for ease of viewing; bottom wall 28, a front waU (not visible, 30), which has been 

FIG. 3 ilhistrates a front perspective view of the present ^5 removed from this view, a front endplate 32, a rear endplate 

invention with the front wall, door, bottom wall, devices and 34, and a door 36. The structure 20 is not necessarily an 

carriers, and spring pins removed for ease of viewing; enclosed box, and could easily be formed as an open-sided 

FIG. 4 shows a front perspective view of the present rack or framework as long as the necessary reference planes, 

invention with the front wall and door removed for ease of discussed below, are included. However, an enclosed struc- 

vicwing; 5q ture may have advantages as to keeping the devices clean, or 

FIG. 5 illustrates a partial front perspective view of the shielding them from environmental factors, 

present invention, showing the installation of one sample FIG. 3 shows a structure 20 from which the front wall, 

device; bottom wall and door have been removed, as well as all of 

FIG. 6 shows a partial front plan view of the present the electronic devices. For ease of reference, a longitudinal 

invention showing the installation of one sample device; 55 axis 2, a transverse axis 4 and a depth axis 6 have been 

FIG. 7 illustrates a partial front view of the present illustrated, the longitudinal axis 2 being parallel to the length 

invention showing the installation of one sample device; dimension of the rear wall 26, the depth axis 6 being parallel 

FIG. 8 illustrates a detail perspective view of the ahgn- ^ ^« height dimension of the rear wall 26, and the trans- 

ment plugs of the present invention; and verse axis 4 being normal to the plane of the rear wall 26. 

FIG. 9 shows a partial front perspective view of the 60 As will be discussed below, the rear waU 26 in this embodi- 

present invention, showing the installation of one sample "^^^^ ^^^^ ^ ^ positional reference for device alignment, and 

(Xq^Icc thus also acts as a first reference plane 38. 

Two intercoimect assemblies 40 are shown which are 

BEST MODE FOR CARRYING OUT THE supported on a pluraUty of support members 42, which in 

INVENTION g5 jjjjg embodiment are shaped as tubes or rods aligned gen- 

A preferred embodiment of the present invention is an erally with the transverse axis 4 and thus are generally 

apparatus for aligning multiple electronic device intercon- normal to the rear wall 26. In the preferred embodiment, the 



12/02/2002, EAST Version: 1.03.0002 



us 6,202,291 Bl 

5 6 

intercoonect assemblies 40 have been separated into an alignment, and not for duplication, although this is naturally 

independent power supply interconnect assembly 44 and a less efficient. A bay used for alignment, whether used as a 

signal interconnect assembly 46. This separation is done to dedicated bay or a dual purpose bay shall be termed an 

accommodate devices in which there are variations in the alignment bay 69, and thus all dual purpose bays 68 are a 

positioning of the set of power connectors relative to the 5 kind of alignment bay 69. The bay shown in FIG. 3 has both 

positioning of the signal connectors. It is to be understood element numbers 68 and 69 associated with it, although an 

that if positional variations between the sets of power and alignment bay 69 which is not intended to be used also as a 

signal connectors were small for a family of drives, or for dual purpose bay 68 would generally not have spring pins 

applications that use just one combined power and signal included. 

interconnector set, such as are found on 2.5" hard drives, it Asecond reference plane 39 is also shown in FIG. 3 which 

is possible to have only one interconnect assembly. The is parallel to the transverse axis 4 and the depth axis 6. The 

present invention contemplates and encompasses any such second reference plane 39 is, in the preferred embodiment, 

variations. normal to the first reference plane 38, although other orien- 

Each intercoimect assembly 40 is composed of two flat tations are possible. The second reference plane 39 can be 
dielectric panels, preferably printed circuit boards, which ^5 fixed at any position along the longitudinal axis 2 and then 
form a top panel and a bottom panel. In the preferred used to locate the positions of the spring pin assemblies 58, 
embodiment, there are therefore a power supply top panel alignment sockets 62, 64 or other reference features. In 
48, a power supply bottom panel 50, a signal top panel 52 particular, the preferred embodiment of the present inveo- 
and a signal bottom panel 54, The signal top panel 52 rests tion has rectangular cut-outs 65 in the rear wall 26 which 
on the support members 42. In the example shown, which is 20 serve to precisely position device guides 80 (see also FIG. 
designed with five bays 22 (the approximate boundaries of 2) longitudinally with respect to the second reference plane 
which are illustrated by dashed lines), the signal top panel 52 39 and thus define the longitudinal spacing of the five bays 
has five sets of hole patterns 56 which replicate the signal 22. The second reference plane 39 is shown in FIG. 3 as 
contacts of the device for each of the five bays 22. The five being defined at the left-hand end of the left-most bay 66. 
sets of hole patterns 56 are precisely spaced apart in the ^5 The boundaries of the bays 22 shown in dashed lines can 
direction of the longitudinal axis 2 to matcb the spacing of then be thought of as a series of parallel reference planes, all 
the five device bays 22. Assembled and secured into these parallel to second reference plane 39. For ease of discussion, 
holes arc the spring pin assemblies 58 (not visible in tins however, these parallel reference planes will not be 
view) intended to make the electrical connections with the illustrated, and all dimensions will be assumed to be directed 
devices. The signal bottom panel 54 also contains the from the first and second reference planes 38, 39. 
identical hole patterns 56 and is secured to each of the Also seen in FIG. 3 are clamp assemblies 70 and sole- 
protruding bottom ends of spring pin assemblies. In this noids 72. The clamp assemblies 70 include springs which 
preferred embodiment, the panels 52, 54 are made of printed bias the clamps 71 to press on the power and signal 
circuit boards, and the five sets of hole patterns in the signal interconnect assemblies 44, 46 and hold them in position, 
bottom panel 54 are secured to the spring pin assemblies by 35 The solenoids 72, when activated act as clamp releases 73, 
soldering them into plated through holes in the panel 54. to release the clamps 71 and allow the power and signal 
There are also another five sets of plated through holes in the interconnect assemblies 44, 46 to "float" on the support 
signal bottom panel 54 which are individually electrically members 42, generally in a plane defined by the longitudinal 
connected to the first five sets of holes. Standard electrical axis 2 and the transverse axis 4, within a limited travel area, 
connectors are soldered into these five sets of holes. Then ^ jhe preferred embodiment optionally has one or more 
electrical cable assemblies are connected on one end to each control arms 74 which are attached to the front wall 30 (not 
of the five standard electrical connectors. The other end of shown in this view) and rear walls 26, by clips 76 which 
the five cable assembfies are then electrically connected to allow rotation about an axis parallel to the longitudinal axis 
exposed electrical connectors protruding from the electronic 2. The control arms ends 78 arc attadied to links on the 
imaging circuitry (not shown). The use of a flexible cable or 45 interconnect assembhes 40, and ensure that movement of the 
flex circuit between the box structtire connectors and the interconnect assemblies 40 vAien floating, is confined to 
signal bottom panel 54 connectors enables the hmited hori- translational movement in the transverse axis 4, and longi- 
zontal movement of the signal interconnect assembly 46. tudinal axis 2 directions, and that skew is minimized. The 

The power interconnect assembly 44 for connecting interconnect assemblies 40 are thus constrained to remain 

power to the devices is constructed in a manner similar to the 50 parallel to the first reference plane 38, 

signal interconnect assembly 46 with the power top panel 48 in FIG. 4, the front waU and door have been removed for 

resting on the support members as well. easier visibility. Four of a potential total of five device 

The signal top panel 52 also contains one or more signal guides 80 are shown positioned in the bays 22. Each of the 

alignment sockets 62, and the power supply top panel has a guides 80 is shown holding an electronic device 82, in this 

similar one or more power supply alignment sockets 64, ss case, a hard drive device. One of the guides 80 has been 

which vriW be discussed below. removed to allow view of the interconnect assembUes 40 

The interior space of the structure 20 has been divided and the spring pin assembly 58. The device guides 80 are 

with dashed lines to illustrate the approximate extent of the preferably made of molded plastic, and are secured to the 

bays 22, which are of two types. The majority of the bays are front wall 30 (not visible in this view) and rear waU 26, of 

duplication bays 66. The bay or bays whidi have the power 60 the structure 20. The device guide 80 in this preferred 

and signal alignment sockets 62, 64 within their extent are embodiment is a four sided shape containing an array of 

used for both duplication and alignment of the power and springs (not visible) on two adjacent walls, and otherwise 

signal interconnect assemblies 44, 46, and are described as smoothly sliding surfaces on the other two adjacent side 

dual-purpose bays 68. In the preferred embodiment, there is walls. The device guides 80 are oriented during assembly 

only one power alignment socket 64 and one signal align- 65 such that the two adjacent smooth sliding surfaces are 

ment socket 62, and thus one dual-purpose bay 68. It is also accurately positioned transversely with regard to the first 

possible that one or more dedicated bays be used only for reference plane 38, in this case, the rear wall 26, and the 
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second smooth sliding surface is accurately positioned lon- 
gitudinally for each bay 22 with regard to the second 
reference plane 39 (see FIG. 3). The device guides SO are 
open on the top and bottom. When devices 82 are inserted 
into the guides 80, the springs will be displaced thereby 5 
imparting a force against two surfaces of the device 82. The 
device 82 then is forced against the smooth sliding surfaces 
of two adjacent interior side walls of the guide 80. The 
alignment of these smooth sliding surfaces with the refer- 
ence planes 38, 39 assures that the devices 82 will be held 
in a consistent spatial relationship to each other, being 
parallel to the longitudinal axis 2 and transverse axis 4. The 
device guide 80 is an example of a biasing device 81, of 
which there can be many varieties. The puipose of the 
biasing device 81 will be to ensure that connectors on the 
devices 82 will all be in a consistent spatial relationship to 
the signal and power interconnect assemblies 46, 44. 

The biasing device 81 can be one or more springs (not 
shown) which urge eadi device 82 into a consistent spatial 
relationship with the reference planes 38, 39, whether used 20 
in a fixture such as a device guide 80, or not The biasing 
device 81 can also be as simple as a shelf or series of shelves 
(not shown) against which a device 82 is to be pressed 
manually or by an automated handler as eadi device 82 is 
placed in a device bay 22. The biasing device 81 could take ^5 
advantage of gravity as a way of urging the device 82 against 
the reference planes 38, 39 by orienting one or more shelves 
so that a device naturally falls against the appropriate 
surface. 

FIGS. 5, 6 and 7 illustrate partial views, containing the 30 
rear wall 26, which serves as the first reference plane 38, 
with the interconnect assemblies 40 from which the spring 
pin assemblies have been removed for easier visibility. Also 
shown are a device guide 80, holding a device 82, which has 
been chosen as a sample to align the interconnect 35 
assemblies, and therefore the device is designated as a 
sample device 96. The sample device 96, together with the 
device guide 80, acts as a positioning guide 98. Alignment 
plugs 84, which mate with the connectors in the sample 
device, in this case are of two types, a signal connector 40 
alignment plug 86 and a power alignment plug 88. The 
signal and power alignment plugs 86, 88, are inserted into 
the corresponding connectors on the device 96, and then the 
tips 90 of the signal and power alignment plugs 86, 88, are 
inserted into the corra^onding signal aUgnment socket 62 45 
and power supply alignment socket 64. FIGS. 6 and 7, which 
shows partial front views of the same elements as FIG. 5, 
illustrate the offset nature of the alignment plugs 84. 

FIG. 8 shows a detail perspective view of the signal and 
power alignment plugs 86, 88. The plugs 84 are fashioned 50 
with a receiving portion 92 into which the pins of the sample 
device are inserted. The alignment tips 90 are formed in a 
triangle or wedge shape and are ofiE^t in the longitudinal 
axis 2 direction a precise distance from the output pin array 
94, which is equal to the ofeeUof the alignment socket 64 55 
from the spring pin assembhe3^4. J 

FIG. 9 illustrates the positioning of a sample device 96 in 
a dual-purpose bay 68 when alignment is to be performed. 
The solenoid 72 is activated which allows the signal inter- 
connect assembly 46 and power interconnect assembly 44 to 60 
float on the support members 42. The signal and power 
alignment plugs 86, 88 have been inserted into the sample 
device 96 connectors. The tip 90 of the signal alignment plug 
86 is inserted into the signal alignment socket 62, and the tip 
90 of the power alignment plug 88 is inserted into the power 65 
alignment socket 64. The device guide 80 is aligned with the 
reference planes 38, 39 (see also FIG. 3), and the device 96 



,291 Bl 

8 

within the guide 80 is spring biased in alignment with the 
same reference planes 38, 39. As the triangular or wedge- 
shaped tips 90 enter the signal and power alignment sockets 
62, 64, the tapered exterior profiles of the plugs 86, 88 
engage the tapered inner profiles of the sockets 62, 64. 
Lateral force generated as the plugs mate with the sockets 
causes the power alignment socket 64 and signal alignment 
sockets 62 to independently move the interconnect assem- 
blies 46, 48, into alignment with their respective alignment 
plug? 88, 86. The control arms 74 restrain movement of the 
interconnect assemblies to longitudinal and transverse 
translation, thus positioning the spring pin assemblies 58 in 
alignment with all of the device guides 80. The ofiEset nature 
of the alignment plugs 84 allow this alignment process to 
occur in this dual-purpose bay 68. Thus the dual-purpose 
bay 68 allows duplication as weU as alignment. 

After alignment has occurred, the solenoid 72 is 
deactivated, allowing the clamps 70 to again fix the positions 
of the interconnect assemblies 40. This completes the align- 
ment process. After the alignment, the alignment device 96 
is removed, and the alignment plugs 86, 84 are removed 
from the device 96, remming it to a standard device 82 
configuration. AU five bays 22 are alimed, and are now able 
to received devices 82. Five devicca<^^an now be inserted 
into the five guides 80 and completeHfie aligned electrical 
connections with the five sets of spring pins 54. The align- 
ment plug? 84 are removed from the sample device 96, and 
stored. Alignment generally needs to occur only once for 
each type of devices having repeatable interconnect 
locations, thus the dual-purpose bay may thereafter function 
solely as a duplication bay, until there is a change to a 
different type of device which has differing interconnect 
locations. 

As an optional variation, the structure 20 may be config- 
ured so that after the devices 82 are installed into the device 
guides 80, the door 36 (see FIG. 2), as it closes, forces the 
devices 82 down to compress the spring pin arrays 58 a 
repeatable distance to insure reliable coimection. At this 
point, a control signal may be generated which initiates the 
duplication procedure. 

It will be understood by those skilled in the art that many 
variations may exist in the positioning of the devices with 
respect to the reference plane. For instance, instead of device 
guides, the structure may be configured with shelves which 
have some biasing feature to keep the devices in a repeatable 
relation to the reference plane. Of course, there is no 
requirement that the rear wall serve as the reference plane, 
as any other spatial reference plane will serve. 

Additionally, it will be obvious that the number of bays is 
not limited to five, and the atignment or dual purpose bay is 
not limited to a single, centrally located bay. Many more 
arrangements and configurations of the bays are contem- 
plated including multiple rows of bays, a horizontal device 
loading arrangement, and multiple dual-purpose or align- 
ment bays, the dual-purpose or alignment bays perhaps 
being positioned at either end of a long row of duplication 
bays. Such a configuration would allow for longer intercon- 
nect assemblies with greater numbers of duplication bays, 
since angular deviations are more easily rectified with a 
positioning guide at each end of a length, rather than a single 
central positioning guide. 

Likewise, there are other variations of the clamping 
devices, the support members, and the control arms which 
will be obvious to one skilled in the art. A single panel 
construction of the interconnect assemblies is possible. 
Manual clampiug and release of the interconnect assembly 
position is also possible. 
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A linkage assembly, rack and pinion arrangement, or a 
tensioned cable and pulley arrangement are all methods 
which can substitute for the control arm. 

As referred to above, the applications of the present 
invention are not limited to high-speed imaging from a 
master device to an array of slaves. The data flow can be 
reversed, as where multiple portable devices input data to a 
host computer. The data flow may be two-way, and there 
may be a single interconnect assembly with combined power 
and signal connections, or two, three or more separate 
interconnect assemblies which are allowed to independently 
align with a sample device. It is also possible that the 
dual-purpose bay be only a dedicated alignment bay with no 
duplicating capability. Further, it is possible that alignment 
be performed without a sample device at all, but merely with 
a positioning template which has been fashioned to replicate 
the positions of the target device interconnects. It is also 
possible to implement the invention utilizing a manually 
positioned interconnect array in cooperation with a visual 
means to track the position of the array intercoimectois in 
relationship to the chosen sample device intercoimect posi- 
tions. Such a method could be further augmented with a 
motorized positioning capability with position memory, and 
the capability to recall previous adjustment settings and 
repeatably re-position tbe interconnect assemblies by enter- 
ing a code for a specific device and activating the system to 
reposition the interconnector assemblies accordingly. 

In addition to the above mentioned examples, various 
other modifications and alterations of the inventive method 
and apparatus 10 may be made without departing firom the 
invention. Accordingly, the above disclosure is not to be 
considered as limiting. 

Industrial Applicability 

Transfer of information and software from device to 
device has become very important in the modem age. With 
the proliferation of standardized operating systems and 
applications software for personal computers, it becomes 
more and more important that software packages, such as the 
pre-installed software sold with new computer systems, be 
easily and quickly transferred to the hard drives which are 
installed in new personal computers. To insure proper inte- 
gration and interaction, such new computers may have 
multiple programs, such as the operating system and various 
utifity programs, installed all at the same time on the 
computer's hard drive. The installation of such integrated 
packages is called "imaging" and can be accomplished at 
very high speeds on multiple computers by reading the 
"master^ image from one "master^ hard drive and then 
transferring this image to a number of "slave" hard drives. 
Hic present invention 10 is very useful for providing the 
interconnections from the master device 12 to the slave 
devices 16 as the slaves 16 are inserted into the invention 10 
for imaging, and then removed. In addition, copies of data 
gathered from pen computers must be transferred to a central 
computer so that the data individually gathered can be 
compiled and correlated. The present invention 10 is very 
usefiil in making connections between these pen computers 
and the central computer 

The present invention 10 includes a reference plane 38 
from which positional references are made, one or more 
electrical interconnect assemblies 40 and a number of device 
bays 22. The one or more interconnect assemblies 40 are 
supported by a number of support members 42 and are free 
to float in a Umited planar area unless fixed in place by one 
or more clamps 71. The clamps 71 arc held in place by 
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Springs which urge them to press upon the interconnect 
assemblies 40 unless a solenoid 72 or some other clamp 
release 73 mechanism is activated to release the clamps 71. 
The majority of device bays 22 are single purpose duphca- 

5 tion bays 66. A positioning guide 98, such as a sample 
electronic device 96 is fitted with one or more offset align- 
ment plugs 86, 88 and is inserted into a dual-purpose bay 68 
which has one or more alignment sockets 62, 64 mounted on 
the interconnect assemblies 40. The sample device 96 is 
biased in some manner toward the reference planes 38, 39, 
and the one or more alignment plug3 86, 88 mate with the 
corresponding one or more alignment sockets 62, 64 in the 
dual-purpose bay 68. When the solenoid 72 is activated so 
that the interconnect assemblies 40 are free to float in the 
plane of the supports members 42, the alignment plugs 86, 
88, as they mate with the alignment sockets 62, 64, pull the 
interconnect assemblies 40 into an interconnect aligimient 
parallel with the reference planes 38, 39. When insertion of 
the sample device 96 has been accomplished, the solenoid 
72 is deactivated and the clamps 71 prevent the interconnect 

20 assemblies 40 from further movement. Optionally, one or 
more control arms 74 are provided which help to restrain 
movement of the floating interconnect assemblies 40 to 
translations parallel and perpendicular to the reference 
planes 38, 39, and prevent skew. 

25 Once the alignment has been achieved, and device 96 
removed, electronic devices 82 with similar connector loca- 
tions can be easily and quickly inserted into the bays 22 and 
data transfer processes such as high-speed imaging can be 
performed. The bay with the sample device 96 is termed a 

^ dual-purpose bay 68 because the bay provides for offiset 
alignment, while also allowing for electrical connections 
afrer alignment. Thus after serving to align the entire array 
of bays 22, the sample device 96 can have data transfer 
performed in the same manner as the non-sample devices. 
After the initial alignment is done, device 96 is removed, and 
the alignment plugs 86, 88 are removed from it, rendering it 
as a standard device 82. All five bays 22 including dual 
purpose bay 68, are aligned, and are now able to receive 
devices 82. The dual-purpose bay 68 then functions as a 
dupHcatioo bay 66. 

^ The present invention 10 is designed to accommodate 
positional variations in the power and signal connections in 
electronic devices and is adaptable to wide variations in 
power and signal connectors including those without built-in 
guides or lead-in features. Consequently, there is no need to 

45 keep multiple pin interconnect systems at hand which are 
each separately configured for a specific brand and model of 
electronic device. This reduces storage requirements and 
equipment costs. 

The present invention 10 also allows the use of spring pins 

5Q assemblies 58 as connection devices. Spring pins have a 
higher cycle life than those found in standard connectors. 
The inventor estimates that cycle life is expanded from 
20Q-300 cycles in a conventional connector, to tens of 
thousands of cycles for spring pin assemblies. Scrap damage 

55 costs are also reduced since the use of easily bent connector 
contacts is eliminated in favor of more durable spring pins. 
Spring pins are also easier to cormect, and the inventor 
estimates that the time required to establish power and signal 
connections is reduced by approximately 90%. 

60 The present invention 10 can also easily be integrated into 
an automated system so that minimal or even no human 
manipulation is required, thus further reducing costs. 

For the above, and other, reasons, it is expected that the 
present invention 10 and its method of use will have 

65 widespread industrial applicability. Therefore, it is expected 
that the commercial utility of the present invention wiU be 
extensive and long lasting. 
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What is claimed is: 

1. An apparatus for aligning device interconnections of a 
plurality of electronic devices comprising: 

a structure having at least one reference plane, said 
structure further including a plurality of device bays; 5 

at least one interconnect assembly, operatively associated 
with said structure, for accepting connections from said 
plurality of electronic devices; 

at least one clamp, operatively associated with said 
structure, for fixing said at least one interconnect 
assembly in fixed spatial relation to said reference 
plane; 

clamp release, operatively associated with said structure, 
for releasing said at least one clamp so that said at least 15 
one interconnect assembly is free to move with respect 
to said reference plane; and 

positioning guide, operatively associated with said 
structure, for positioning said at least one interconnect 
assembly at an appropriate location with respect to said 20 
reference plane for proper alignment while said clamp 
is released, before again being clamped in a fixed 
position with respect to said reference plane, said 
interconnect assembly then being held in fixed align- 
ment for reception of connections from said plurality of 25 
electronic devices. 

2. The apparatus for aligning device interconnects as in 
claim 1, wherein: 

said at least one interconnect assembly includes at least 
one separate power supply interconnect assembly and 
at least one separate signal interconnect assembly. 

3. The apparatus for aligning device interconnections as in 
claim 1, wherein: 

said at least one interconnect assembly includes at least 
one spring pin assembly. 

4. The apparatus for aligning device interconnections as in 
claim 1, wherein: 

said structure includes at least one control arm which 
minimizes skew in a movement of the at least one ^ 
interconnect assembly. 

5. The apparatus for aligning device interconnections as in 
claim 1, wherein: 

said clamp release is a solenoid. 



,291 Bl 

12 

6. The apparatus for aligning device interconnections as in 
claim 1, wherein: 

said at least one interconnect assembly includes at least 
one alignment socket. 

7. The apparatus for aligning device interconnections as in 
claim 6, wherein: 

said positioning guide includes at least one alignment 
plug which engages said at least one alignment socket 
to direct alignment of said at least one interconnect 
assembly, 

8. The apparatus for aligning device interconnections as in 
claim 7, wherein: 

said at least one alignment plug is o&sci to allow the bay 
each one of said plurality of bays containing the 
alignment plug and socket to act as a dual purpose bay. 

9. The apparatus for aligning device interconnections as in 
claim 1, wherein: 

said device bays include at least one alignment bay. 

10. The apparahis for aligning device interconnections as 
in claim 9, wherein: 

said at least one alignment bay includes two alignment 
bays which are located at opposing ends of said at least 
one interconnect assembly. 

11. The apparatus for aligning device interconnections as 
in claim 10, wherein: 

at least one of said two alignment bays is a dual purpose 
bay. 

12. Tlie apparanis for aligning device interconnections as 
in claim 1, wherein: 

said positioning guide is a sample device. 

13. The apparatus for aligning device interconnections as 
in claim 1, wherein: 

said positioning guide includes a device guide and a 
sample device. 

14. The apparatus for aligning device interconnections as 
in claim 1, wherein: 

said positioning guide is a template. 

15. The apparatus for aligning device interconnections as 
in claim 1, further conaprising: 

at least one biasing device. 

* ♦ ♦ ♦ * 
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MINI-BACKPLANE "T" ASSEMBLY viding for the addition of a high reliability retrofit function. 

In further accord with this feature of the invention the 
CROSS REFERENCE TO RELATED present mounting apparatus itself provides for full intercon- 

APPLICATIONS nectivity between the primary and secondary retrofit mod- 

- . . . , J 1 , * f - . • . -5 ulcs and for connection of each module with the network. 

Some of the material disclosed and claimed m this appu- 
cation is also disclosed in a commonly owned, copending mmi-backplane T assembly of the present mvention 

U.S. patent application Sen No. (Docket No. SN 0245) provides for the mounting of retrofit equipment modules into 
entiUed: Way Finding with an Interactive Faceplate, filed on ^^^^^S equipment mounting cabinetry of an instaUed 

even date herewith by Janice M. Parker, et al modular equipment signal network with minimum cost and 

10 disruption of the network operational The assembly includes 
FIELD OF INVENTION interface module and mini-backplane combination which 

is adapted for insertion into the equipment cabinetry with 
This invention relates to modular signal network electrical signal connection of the mini-backplane to the 
equipment, and more particularly to apparatus for installing cabinetry master backplane, and for mounting retrofit mod- 
retrofit equipment modules into modular equipment mount- is ules inserted therein in electrical signal interconnectivity 
ing cabinets. ^jjj others of the network equipment modules. The inter 



BACKGROUND OF THE INVENTION 



face module is capable of receiving expanded network 
signal lines external of the mounting cabinet backplane 

With the rapid growth in communications technologies thereby providing for expanded connectivity of the retrofit 

and the increased demand of network users for improved modules with no modification of the cabinet itself, 
signal speed and rehability, network operators are faced with These and other aspects and features of the present 

a constant need to upgrade network performance. The invention will become apparent to those ordinarily skilled in 

upgrades may be the result of improved technology or the the art upon review of the following description of specific 

availabihty of expanded system features. Other than in the embodiments of the invention in conjunction with the 

case of generation changes where an entire system is accompanying Figures, 
replaced, these system upgrades are provided incrementally; 

generaUy through the retrofit of certain elements of the BRIEF DESCRIPTION OF DRAWING 

networkcircuitry with improved designs of those elements. pjc. l, is a perspective illustration of a best mode 

With modular equipment, where function is often segregated embodiment of a mini-backplane T assembly according to 
into individual modules, the new design features can be present invention' 

installed in new version modules which are form and fit r,,^ * . i_ li i j- r • i 

*t. r • • * 11 FIG. 2, IS a schematic block diagram of a wucless 

compatible with those of the existing installation. .il . i uj- 

. . ^ . telephone network embodiment m which the present mven- 

There are, however, certain improvements which neces- j^^^ j^^y used* 

sarily compromise form and fit compatibility, such as where ,^ w^,^ - . . *• ui i ^- * *• f*u 

. J ^- r . - ..35 FIG. 3, IS a schematic block diagram of one portion of the 

a new design expands a particular function, requinng i_ ^ • . £■ r^r^ * 

AA ^ -* * TT,- A A embodunent of FIG. 2; 

expanded signal connectivity to a module. This expanded 

connectivity can arise from a need for a greater number of ^^^^ detailed schematic diagram of one element of 

input data sources or for added output load requirements. In ^® portion illustrated in FIG. 3; 

these instantances the existing plant wiring is the bottleneck ^ FIG. 5, is a partially exploded, perspective illustration of 

and some manner of plant wiring modification is required. equipment mounting cabinetry in whidb the assembly of 

This of course increases the cost of retrofit and may jeop- FIG. 1 may be used; 

ardize the form and fit of the existing installed equqiment. FIG. 6 is an exploded perspective view of the assembly of 

With changes in signal protocols and improvements in FIG. 1; and 

communications technologies, the frequency of occurrence fjg. 7 is a perspective iUustration of one element of the 

of this type event is increasing. It is desirable, therefore, to assembly of FIG. 6. 
provide a means to retrofit these type improvements into 

existing systems without the need for plant modifications. BEST MODE FOR CARRYING OUT THE 
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INVENTION 



50 In the following description of a best mode embodiment. 

The present invention is to apparatus capable of mounting the present invention is described in connection with the 

retrofit modules to the mounting cabinetry of an installed retrofit of an installed GSM protocol wireless telephone 

modular equipment network. According to one feature of the system for the purpose of expanding the function and 

invention the apparatus includes a combination mini- connectivity of one element of the system. It should be 

backplane and interface module which together provide 55 understood, however, that the invention is not limited to 

surrogate mounting of the retrofit module with expanded wireless telephone systems or even to telephone systems in 

connectivity external of the cabinet but with full functional general, but may be used in connection with a number of 

connection with other equipment modules of the network. In different type signal network appfications, and may also 

further accord with this feature of the invention the present have utihty in other generalized applications, 

invention is configurable in either or both of the interface ^0 Referring first to FIG. 2, which is a system block diagram 

module and the mini-backplane to be adaptable for use in of a known type wireless communication system 20, such as 

different network applications. the Nortel Networks Model PCS Digital Cellular System, in 

According to another feature of the invention, the appa- which mobile handset users 22, 24 communicate through 

raius is capable of mounting redundant, first and second antennae 26, 28 with base transceiver stations (BTS) 30, 32. 

retrofit modules in a manner which provides duplicate 65 The BTS 30, 32 are connected through network lines 34-36 

expanded connectivity and duplicate full functional connec- to a base station controller (BSC) 38. The lines may be dual 

tion to the network for each retrofit module, thereby pro- twisted pair copper wire, or coaxial cable both which 
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provide a differential signal transmission format. The BSC system operator to isolate signal faults to either the network 

38 manages the radio resources of the BTS 30, 32, including equipment (at the BSC or TCU) or to the network lines. FIG, 

hand-offs, trafiGc concentration and radio channel allocation, 3 is a system block diagram of the BSC 38, which receives 

and communicates through lines 40 with the network's the network lines 34-36 at the interface 72. The signal lines 

operation subsystem 42. The subsystem 42 includes the 5 P^ss from the interface 72 through lines 74 to the BSC 

Operations and Maintenance Center-Radio (OMC-R) 44, Common Equipment Module (CEM) 76, which provides the 

which is a graphical interface that provides operation and central processing for the BSC as well as: time switching of 

maintenance functions, including performance management P^^^ modulated (PCM) data, routing of the signal 

of the BSC between the interface unit 72 and the remote 
O.J. ' • r Lin module (RM) time switch 78, and communicating through 
^^L T'' "L!^" iS"? /'^n transmission from the i" ^le ATM resource module (RM) interface 80 with the ATM 

^M'^ .""'^n 1 pte*^ ^i^'n-^ backplane (not shown) of the BSC Cbnlrol Node 81. TTie 

a PCM 30 (or El) protocol. The BSC 38 provides the BTS ceM passes the voice and data channel signals through lines 

signals on lines 46-48 to a transcoding umt (TCIO «»at ^2 and through a second interface 84 onto lines 46-48 to the 

wireless system transmission speeds of 8 Kbps or 16 Kbps. /pjQ 2) 

The TCU 50 translates the wireless system signal speed into r™ . ^ ^ . ^ ^. ^ t. r *u • * _r 

, -J* • * A * The mteriace 72 is illustrative of each of the mtertaces 

64 Kbps m-law speech, thereby providmg a minimum 4-to-l jj j . *l. j t^-tt ca n c - * a 

expansion of traffic edacity ^""^ ^* Rcfemng to FIG. 4, the 

^ i' J interface 72 receives the network signal Unes 34-36 from 

The BTS 30, 32, BSC 38, operation subsystem 42 and ^he BTS 30, 32 (FIG. 2) at a Main Distribution Frame 

TCU 50 coUectivcly comprise the Base Station Subsystem (j^DF) 100, which functions as a transition point between 

(BSS), which is the mterface between the mobile handset the outside lines and the BSC hardware. The DS-1 or PCM 

users and the Network Switchmg Subsystem (NSS) 55. The 39 network Unes are routed in sub-groups of Unes 101-103 

NSS 55 provides the switching, mobiUty, and subscriber ^ associated ones of a plurality of Cable Transition Units 

management required for operation of the wireless system. (ctU^) 104-106. Each CTU, as shown by CTU 106, 

It inchides the network DMS (Digital Multiplex Switch) includes a pluraUty of Cable Transition Modules (CTMs) 

Mobflity Switchmg Center (DMS-MSQ 56 which is con- 108-IIO. The CTMs provide secondary surge protection 

nected through Unes 57 to the Operation Subsystem 42 and (primary surge protection, including Ughtcning protection 

through Unes 58 to the pubUc switch telephone network ^^i^g provided at the MDF 100), passive impedance match- 

(PSTN) 60 to coordmate the caU setup between the PSTN electronics in the case of PCM 30 coax or DS-1 twisted 

and the BSS. The DMS-MSC 56 also inchides a visitor ^^^^ manual loopback switdies for each connected 

location register (VLR) 61 which stores subscriber informa- network Une. As known, the loopback switches permit 

^°°* isolation of trunk line signal faults to the BSC equipment 

The NSS 55 also includes an inteUigent network (IN) 62, itself or to the network lines 34-36, 

which provides databases and computer signal processing jhe number of network lines connected through each 
for subscriber and equipment validation, subscriber 35 CTU 104-106 is a function of the system signal bandwidth 

tracking, and service deUvery. Components of the IN 62 and the network signal protocol. Each CTU is capable of 

include: a home location register (HLR) 64, an authentica- receiving either 28 DS-1 type signals or 21 PCM 30 type 

tion center 66, a short message service (SMS) center 68, and signals. Assuming a PCM 30 protocol the CTU receives 21 

an equipment identity register 70. All of which are con- Uoes, which are divided between the CTMs. Each CTM is a 
nected to the DMS-MSC 56. ^ multilayer circuit board capable of supporting up to three 

As described in the hereinbefore cross referenced, PCM 30 Unes, either twisted pair, or coaxial, for a maximum 

copending appUcation to Parker et al, which is hereby of seven CTMs per CTU. The network signals from the 

incorporated by reference herein, a modification was made CTMs 108-110 are coupled through lines 112-114 to a 

to system 20 to expand the capabiUty of the system operator Cable Transition Board (CTB) 116 and onto lines 124 to 
to quickly access and isolate signal line faults. A number of 45 Low Speed Access (LSA) modules 118, 119, 120. 

electronics modules (lEMs) was added by retrofit to expand As described above the LSAs represent the retrofitted 

the system's diagnostic function; i.e. to perform real time function for system 20 and, as shown by LSA 120, each 

monitoring of signal quality on each of the network signal includes dual redundant lEM modules 125, 127 (shown in 

Unes and to display performance monitored results on an phantom) mounted into the mini-backplane T assembly 126 
equipment faceplate. Each of the network signal lines enter- 50 of the present invention. The mini-backplane assembly 126 

ing the BSC and TCU equipment site were routed through is shown schp»atically, to include a Transition Interface 

one of a pluraUty of added lEM modules. This change also Module (Tt\ Qj-28jjt ugb is removably, but fixedly attached 

expanded diagnostic features by providing an interactive to a mini>bac^lane Q30^ n the illustrated embodiment the 

faceplate at each lEM. The faceplate included a number of TIM 128 provides passive EMI filtering of each niBtwork Une 
operator visible displays for visual reporting of signal faults 55 and presents the lines to a signal connector^3i\<)f the 

and alarm conditions detected by the lEM. In addition, due backplane 130. The backplane routes the networlr signal 

to the increased circuit complexity and circuit component Unes to each lEM through duplicate network signal Une 

density of the lEM, it was considered necessary to use dual wiring 134, 136 to signal connectors 138, 140, each of which 

redundant lEMs to ensure system reUabiUty, thereby further are adapted to receive an associated one of the lEMsJ25,_ 

increasing the required connectivity beyond that available in 127. Each lEM provides its signal output^whicbTincludes the 

the master backplane of the equipment mounting cabinetry. network signal'UE£^to"si^SL^CDDnecfofs t427lTW-which are 

The mini-backplane T assembly of the present invention adapted to functionally engage associated signal connectors 

provided the means of adding the lEMs. of a master backplane 146 of the equipment mounting 

The lEMs where added as Low Speed Access (LSA) cabinet 148 of FIG. 5. 
equipment at the interface of the BSC 38 and TCU 50 65 Referring to FIG. 5, which is a figurative perspective 

equipment with the network lines. This, together with the illustration, not to scale, of equipment mounting cabinetry of 

availabiUty of loop back testing of each line, aUowed the the type used for the modular equipment of the wireless 
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network 20. The illustration is only intended to show the may be used as deemed suitable for use in a given applica- 

relational fit of the mini-backplane assembly to the system tion by those skilled in the art. 

equipment cabinet Using the same reference numerals for in piG. 6 the mini-backplane connectors 142, 144 are 

the same elemente shown in FIG. 4 the mini-backplane T electricaUy connected to the connectors 132, 138 and 140 

' •hfoi'gh the backplane 208. ITie backplane is a multilayer 

^e ™ 128 from Uie n>.m*ackp^e 130. The TIM receives ^j^^^, ^"^^ j„ ^^^^^ coMe signal paL 

the network signal lines 124 embodied in separate transmit , . / * u \ 1 1-o' 

and receive cables 150. 152 which are connected through ^"^S^ ^ copper traces (not showii) on several differ- 

cable connectors 154, 156 and 158, 160 to the TIM. °f mululayers TTie actual arrangement and 

™# u • ji u ^ *L • • I. 1 1 layout of the traces IS dependent on the particular apphca- 

The TtM housing fixedly attaches to the mim-backplaae m t *u * -^a i* *• i * *j 

u • *t. tt** • i * i o-^ ^" ^o^- 1° ™ systcm 20 application layout considerations 

housing 206 on FIG. 6 causing the TIM signal connector 182 • i j j • *l * • j -.i. *u *. i 

/T-i^ ^ * .1- • * if 1 1 ^i'* mcluded ensunng that no vias were used with the network 

(FIG. 6) to engage the mini-backplane connector 132. With . , . , - ^ , j..^. 

* . 11 r *c • * t- 1 I LI 1 • * *i- signal unes so as to ensure signal integrity. In addition the 

installation of the mini-backplane assembly 126 mto the . j * • * • - i 

t_-*i>««>*i_».ii • 1 * copper trace widths were selected to maintaui a nominal 

cabmet 148, the badcplane signal connectors 142, 144 f i - i - j nr^i. *u - i * i u 

/ , „ - V , *^ ,u \1 A f *u ' • • network signal impedance. W^th the wireless telephone 

(shown m phantom as on the reverse side of the mim- ^ f- . .x^ i - » * ^ • * j 

L 1 1 1 iA\ - . J • 1 ^ system application the network signal traces were adjusted 

backplane 130) engage the associated ones of the signal / . r^. • i -•'^a i. ^-cr i • j 

. r.L .i_ji c.i. t--* to maintain a nommal 120 ohm differential impedance 

connectors 162 of the master badqjlane 146 or the cabmet . ^ *u * i i- j • 

148. With the assembly installed in the cabinet, the lEMs ^'"'^'^^ ''^ 

(125. 127, FIG. 4) are inserted into the assembly 126 and the HG. 7 is a pcrspecUve lUustration of the mim-backplane 

lEM signal connectors engage the mini-backplane signal showmg the TIM matmg side 210 and the master 

connectors 138 140 backplane (or cabinet mounting side) 212. The TIM mount- 

Referring now to FIG. 1, which is a perspective iUustra- signal p nT i n.^rmm 13? . 1 38 , Rn f 1 J40 

tion of the present mini-backplane T assembly. As in FIG. 5, w hich are male conn^toj^ ^ The cabmet mountmg side ^ 

the same reference numbers are used to identify the same deludes connectors li^, l^^f are female co^ctors^ 

elements. The mini-backplane assembly 126 includes the ^.^T^ if 206lQchides fflifde pins 214, 2 ^ 

TIM 128, which is mounted to the mini-backplane bousing : 216^^which are adapted for msert mto fflude channels^ 

130 and which receives the network signal l^e^cQneectors !° f ? ""^.^^ ^^M modules. SmiUarly, the TIM mterfacF- 

154, 156 at the TIM signal input mn;^tOT<lgj^ ""^.^fflllJ^lH ' f "^^f .^"^^ 

described hereinbefore, the assembly 126 is adapted to be J^*^ ™ ^^^"^^ f ^ L^fH"*^ 

sHdably inserted into the cabinet until the mini-backplane 30 T ^"^^^""^^^ ^^^^ 

signal connectors 142, 144 (HG. 5) engage the associated ^^'^ ^^^iS^^A ^^V^ ^"^"^^ ^^"^^ 

signal connectors 162 of the cabinet master backplane 146 '^^^"^g (202. HG. 6) of the TIM. 

(HG. 5). With the assembly fuUy inse rted^ lock latches ( or The mini-backplane assembly of the present invention 

"thumb latches") IfifiJ^ ^hi^.t r are hln ^ re. mniinfe.f^ nn thft provides for the retrofit of new design modules to existing 

TTM fi*ont panel 16iCaiso referred to as the TTM near side 35 equ^jment with minimum cost. It allows for the installation 

end wall, are rotated in the manner shown by the latch of expanded connectivity retrofit modules without mechani- 

adjacent rotational arrows, to engage a channel 170, 172 cal modification or wiring changes to the installed mounting 

formed in each of the locklatchs with shplf^ik 174, 176 cabinetry. The TIM is also configuration adaptable in that 

formed on the top and bottom of the cab^fetliSwien fully various functions, both active and passive, may be added to 

depressed the locklatches 168, 170 aJteJb&kf in tension, 40 the circuit board to support the retrofit, as may be necessary 

snugged against the near side end wall 169. thereby securing or deemed desirable. AU of which adds to its versatility in 

the assembly 126 in its cabinet mounting. facilitating retrofit modification of installed systems. 

FIG. 6 is an exploded perspective view of the mini- The mechanical configuration of the present mini- 

backplane assembly 126 showing the major elements of the ba ckplane also simplilies its mstallation mto the system, by 

TIM 128 and mini-backplane 130. The TIM includes a providmg a front located mechanical latch which secures jh e 

circuit board assembly 180 with mounted cable signal asse mbly into the cabinet. There is no req uirement for rear 

connectors 158, 160, and the TIM signal connector 182, a ccSs to the cabinet for installation or removal. Every thing' 

which connects to th e mini-backplane co ryjeci 9rTy !>[p may be done from the front access of the cabinet thereby 
best mode embodiment the drcuit board CL^^ epg lpRedJ a— facilitating the quick replacement of the retrofit modules 
-"^--^a shfcet metal housing, comprisin g a base ^^^nd a top^iS^ T^so installed in the assembly, as may be neceiary in the event 

f ihe top[^lS^\s fast ened to the base ^jS^^ th-fasteners of a functional failure, so as to minimize the disruption to 

preferably "Sex screws 188, which are connected through network traffic. In addition, and a distinctive feature of the 

apertures 190 in the top, 192 in the board 180 and 194 in the mini-backplane is the ease with which it may be inserted and 

base 184. To maintain spacing within the housing, spacers removed; without the need for tools of any type. 

196 are used to maintain the space to-part-distance of the top 55 Similarly, although the invention has been shown and 

to the base. ^"^^ described with respect to a best mode embodiment thereof. 

The base 184 includes the Tll^ n^^^r si'Hr find \Yajfr|<)rf/anH it should be understood by those skilled in the art that 
far side end wall ^Bft Jlic far side end wall i Sltiaes^ various changes, omissions, and additions may be made to 

fa stener assembly 2teTa threaded housing which is fastene d the form and detail of the disclosed embodiment without 

to^the IIM base 184 and which is adapted to engage a hex 60 departing from the spirit and scope of the invention, as 

screw 204 which passes through the mini-backplane fO and recited in the following claims, 

engages the TIM to a housing 206 of the assembly. The We claim: 

housing 206 is adapted to receive the mini-backplane assem- 1. Apparatus, for molting retrofit equipment modules in a 
bly nnnTip^jQrQj:^2 j-138, 140, and the mini-backpl^iie^2QS*. mounting cabinet of a modular equipment network, the 

Although tHe T|M hni^inp ^ase 184 and top 186 are^s fa^wn 65 mounting cabinet being of the type in which connectors of 

in a best mode e mbodiment to comprisg , ^hrnt mntnl-pit equipment modules are inserted in the mounting cabinet in 

should be understood that various other type sheet materials side by side orientation to engage master backplane signal 
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connectors coupled to a master backplane within the cabinet, 

said apparatus comprising: 

a mini-backplane, having first and second major surfaces 
opposing one another and extending along a common 
periphery, said first major surface having one or more 5 
first signal connectors adapted to releasably engage a 
signal connector of a retrofit module, said second major 
surface having one or more second signal connectors 
adapted to releasably engage one or more of said 
master backplane signal connectors, said first major 
surface further having a third signal connector being 
electrically connected to said first signal connectors, 
said second signal connectors being electrically con- 
nected to corresponding ones of said first signal con- 
nectors: 

. IS 
an interface module, having an interface module connec- 
tor and a housing, said interface module connector 
adapted to engage said third signal connector, said 
housing including a near side end wall spaced longi- 
tudinally fi-om a far side end wall and at least one side 
wall extending between the far side end wall and the 
near side end wall; and 
a peripheral firame, adapted to fixedly engage said com- 
mon periphery of said mini-backplane and said far side 
end wall of said interface module in a mainer to fixedly 25 
position said at least one side wall of said interface 
module in a substantially orthogonal orientation to said 
first and second major surfaces of said mini-backplanc, 
to provide a mounting apparatus which is adapted to 
engage said master backplane connectors of said master 3Q 
backplane with said second signal connectors and to 
receive a retrofit module adjacent to said interface 
module by engaging said signal connector of the retrofit 
module with one of said first signal connectors, ±ereby 
interconnecting the retrofit module with other cabinet 35 
mounted modules. 

2. The apparatus of claim 1, wherein: 

said interface module further comprises an interface cir- 
cuit board adapted for mounting within said housing, 
said housing further including a network signal con- 40 
ncctor disposed on said interface module, said network 
signal connector being ad^ted to receive network 
signal lines external of the master baclq)lane and for 
providing said network signal lines through said 
printed circuit board to said interface module connec- 45 
tor, and 

one or more of said first signal connectors of said mini- 
backplane are adapted to releasably engage said inter- 
face module connector, said mini-backplane being fur- 
ther adapted to distribute some and, alternately, to 50 
distribute all of the network signals between said first 
signal connectors, from said interface module connec- 
tor to said signal connector of the retrofit module, 
thereby providing the retrofit module with a greater 
signal connectivity than is available through connec- 55 
tion to the master backplane. 

3. The apparatus of claim 2, wherein: 

said mini-backplane comprises a printed circuit board 
having one or more layers therein, each of said one or 
more layers including one or more signal conductors 60 
for electrically interconnecting said first signal connec- 
tors to said third signal connector in a manner to 
provide signal interconnection of said interface module 
connector with said signal connector of said retrofit 
module, and for electrically connecting some or all of 65 
said first signal connectors with said second signal 
connectors. 
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4. The apparatus of claim 2, wherein: 

said printed circuit board is adapted to perform signal 
conditioning of the network signals conducted there- 
through, 

5. The apparatus of claim 4, wherein said signal condi- 
tioning comprises limiting the signal amplitude of the net- 
work signals to a selected magnitude. 

6. The apparatus of claim 1, wherein: 

said interface module further includes latching means 
disposed thereon, said latching means being adapted 
for releasable engagement to a portion of the moimting 
cabinet to provide, when engaged, the securing of said 
mounting apparatus within the cabinet. 

7. The apparatus of claim 6, \\iierein: 

said latching means includes one or more thumb latches 
which are pivotaUy mounted on said housing of said 
interface module and which include a latching end 
adapted to contact, with said apparatus inserted in the 
mounting cabinet, a portion of the mounting cabinet, 
said latching end thereafter maintaining said contact 
under force with closure of said one or more thiunb 
latches by the operator and releasing said contact with 
the opening of said one or more thumb latches by the 
operator. 

8. The apparatus of claim 1, wherein said housing com- 
prises a sheet metal material 

9. Apparatus, for mounting first and second retrofit equip- 
ment modules in a moimting cabinet of a modular equipment 
network, the mounting cabinet being of the type in which 
equipment modules are inserted in the mounting cabinet in 
side by side orientation to engage master backplane signal 
connectors to a master backplane within the cabinet, said 
apparatus comprising: 

a mini-backplane, having first and second major surfaces 
opposing one another and extending along a common 
periphery, said first major surface having at least two 
first signal connectors, each adapted to releasably 
engage a signal connector of first and second retrofit 
modules, said second major surface having one or more 
second signal connectors adapted to releasably engage 
one or more of said master backplane signal 
connectors, said first major surface further having a 
third signal connector being electrically connected to 
said first signal connectors, said second signal connec- 
tors being electrically connected to corresponding ones 
of said first signal connectors; 

an interface module, having an interface module connec- 
tor and a housing, said interface module connector 
adapted to engage said third signal connector, said 
housing including a first end wall spaced longitudinally 
from a second end wall, said housing further including 
side walls spaced transversely between said end walls; 
and 

a peripheral frame, adapted to fixedly engage said com- 
mon periphery of said mini-backplane and said second 
end wall in a manner to fixedly position said side walls 
of said interface module in a substantially orthogonal 
orientation to said first and second major surfaces of 
said mini-backplane, to provide a mounting apparatus 
which is adapted to engage said master backplane 
connectors of said master backplane with said second 
signal connectors and to receive the first and second 
retrofit modules in side by side proximity with said 
interface module and with engagement of the signal 
connector of said first and second retrofit modules with 
a corresponding one of said first signal connectors. 



12/02/2002, EAST Version: 1.03.0002 



us 6.243, 

9 

thereby interconnecting the first and second retrofit 
modules with other cabinet mounted modules. 

10. The apparatus of claim 9, wherein: 

said interface modide further comprises a printed circuit 
board adapted for mounting within said housing, said ^ 
housing further including a network signal connector 
disposed on the first end wall of said interface module 
near side end wall and a second interface module signal 
connector disposed on said far, said network signal 
connector being adapted to receive network signal lines 
external of the mounting cabinet and for providing said 
network signal lines through said circuit board to said 
interface module connector; and 

said first signal connectors of said mini-baclq)lane are 15 
further adapted to releasably engage said interface 
module connector, and said mini-backplane is further 
adapted to distribute one or more of said network 
signals between said first signal connectors to said 
signal connector of each of the first and second retrofit 
modules, thereby providing the first and second retrofit 
modules with greater signal connectivity than is avail- 
able through connection to the master backplane. 

11 . The apparatus of claim 10, wherein: ^ 
said printed circuit board is adapted to perform signal 

conditioning of the network signals conducted there- 
through. 

12. The apparatus of claim 11, wherein said signal con- 
ditioning comprises limiting the signal amplitude of the 30 
network signals to a selected magnitude. 

13. The apparatus of claim 10, wherein: 

said mini-backplane comprises a printed circuit board 
having one or more layers therein, each said of said one 
or more layers including one or more signal conductors 
for electrically interconnecting said first signal connec- 
tors to said third signal connector in a manner to 
provide signal interconnection of said interface module 
connector with each said signal connector of the first ^ 
and second retrofit modules, and for electrically con- 
necting some or all of said first signal connectors with 
said second signal connectors, 

14. The apparatus of claim 9, wherein: 

said first end wall of said interface module further 45 
includes latching means disposed thereon, said latching 
means being adapted for releasable engagement to a 
portion of the mounting cabinet to provide, when 
engaged, the securing of said mounting apparatus 
within the cabinet. 
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15. Apparatus of claim 14, wherein: 

said latching means includes one or more thumb latches 
which are pivotally mounted on said first end wall and 
which include a latching end adapted to contact, with 
said apparatus inserted in the mounting cabinet, a 
portion of the moxmting cabinet, said latching end 
thereafter maintaining said contact under force with 
closure of said one or more thumb latches and releasing 
said contact with the opening of said one or more 
thumb latches. 

16. The apparatus of claim 9, wherein said housing 
comprises a sheet metal material. 

17. Apparatus, for mounting retrofit equipment modules 
in a mounting cabinet of a modular equipment network, the 
mounting cabinet being of the type in which connectors of 
equipment modules are inserted in the mounting cabinet in 
side by side orientation to engage master backplane signal 
connectors coupled to a master backplane within the cabinet, 
said apparatus comprising: 

a mini-backplane, having first and second major surfaces 
opposing one another and extending along a common 
periphery, said first major surface having one or more 
first signal connectors adapted to releasably engage a 
signal connector of a retrofit module, said second major 
surface having one or more second signal connectors 
adapted to releasably engage one or more of said 
master backplane signal connectors, said first major 
surface further having a third signal connector being 
electrically connected to said first signal connectors, 
said second signal coimectors being electrically con- 
nected to corresponding ones of said first signal con- 
nectors; 

an interface module, having a housing and an interface 
module connector adapted to engage said third signal 
connector, and 

a frame, adapted to fixedly engage said mini-backplane 
and said interface module in a manner to fixedly 
position said interface module in a substantially 
orthogonal orientation to said first and second major 
surfaces of said mini-backplane, to provide a mounting 
apparatus which is adapted to engage said master 
badq)lane connectors of said master backplane with 
said second signal connectors and to receive a retrofit 
module adjacent said interface module by engaging the 
signal connector of the retrofit module with one of said 
first signal connectors, thereby intercoimecting the ret- 
rofit module with other cabinet mounted modules. 
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the equipment 

mounting cabinetry of an installed modular equipment signal 
network includes an 

interface module and mini -backplane combination which is 
adapted for insertion 
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mounting retrofit 

modules inserted therein in electrical signal 
interconnectivity with others of 
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ABSTRACT 



A reconfigurable chassis provides thermal management of 
external electrical modules that are inserted into the chassis 
and removed firom the chassis. The chassis includes a 
housing into which modules are inserted, and the bousing 
has a firont portion and a back portion and further has 
multiple guides for holding the modules. A removable fan 
tray is located on top of the housing. The removable fan tray 
holds fans in first and second positions, wherein, when the 
fans are located in the first position, air is directed from the 
firont portion of the chassis, and wherein, when the fans are 
located in the second position, air is directed firom the back 
portion of the chassis. The chassis also includes a removable 
rear connector panel for use when electrical cables coupled 
to the modules are to be accessed from the back portion of 
the housing. The removable rear connector panel is mounted 
to the back portion of the hoiising for electrically coupling 
to the electrical cables that are coupled to the modules. A 
removable panel bracket is used when the electrical cables 
coupled to the modules are to be accessed from the front 
portion of the housing. The remov able panel bracket is 
mounted beneath the housing for routmg the electrical 
cables from the back portion of the housing to the front 
portion of the housing. W hen the el f^tri^nl cnhip<i couplfx] tn 
the modules are to be accessed front the front portion of the 
housing, a removable front cormector panel is also used, and 
the removable front connector panel is mounted lo the front 
portion of the housing for electrically coupling to the 
electrical cables that have been routed through the remov- 
able panel bracket. 

11 Claims, 18 Drawing Sheets 




12/02/2002, EAST Version: 1.03,0002 



U.S. Patent Feb. 27, 2001 sheet 1 of 18 



US 6,195,493 Bl 



CM 



® ^ 



CO 



o 





o 



□ □□□ 

□ □□□ 



□ □□□ 



9 



001 



I 



DCS 



iE 



DjD 1 q 



CO 



HE OOOO 



B0 OOOO M_ 



12/02/2002, EAST Version: 1.03.0002 



U.S. Patent Feb. 27, 2001 sheet 2 of 18 



US 6,195,493 Bl 




12/02/2002, EAST Version: 1.03.0002 




12/02/2002, EAST Version: 1.03.0002 



I 




12/02/2002, EAST Version: 1.03.0002 



U.S. Patent Feb. 27, 2001 sheet 5 of 18 US 6,195,493 Bl 




12/02/2002, EAST Version: 1.03.0002 



U.S. Patent 



Feb. 27, 2001 Sheet 6 of 18 



US 6,195,493 Bl 




12/02/2002, EAST Version: 1.03.0002 



U.S. Patent Feb. 27, 2001 sheet 7 of 18 US 6,195,493 Bl 




12/02/2002, EAST Version: 1.03.0002 



U.S. Patent Feb. 27, 2001 sheet 8 of 18 



US 6,195,493 Bl 




12/02/2002, EAST Version: 1.03.0002 



U.S. Patent Feb. 27, 2001 sheet 9 of is 



US 6,195,493 Bl 




12/02/2002, EAST Version: 1.03.0002 



U.S. Patent Feb. 27, 2001 sheet 10 of 18 US 6,195,493 Bl 




Fig. 10 
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UNIVERSAL CHASSIS FOR CATV 
HEADENDS OR TELECOMMUNICATIONS 
COMPANY CENTRAL OFFICE FOR 
OPTICAL ELECTRONIC EQUIPMENT 

FIELD OF THE INVENTION 

This invention relates to fiber optic connector naodules, 
and, more particularly, to a dual configurable optical elec- 
tronic equipment chassis having thermal design systems and 
methods for providing cooling air to the chassis. 

BACKGROUND OF THE INVENTION 

The cable television and telecommunications industries 
frequently utilize fiber optics as a transmission medium. 
Cable television (CATV) headends and central ofEces of a 
telecommunication company (Telcos) include numerous 
pieces of multi-function, fiber-dependent equipment. Fiber 
optic cables require special handling. Due to their brittle 
nature, excessive bending or twisting can damage the fibers, 
severely impair their functioning or break them altogether. 
Allowing fiber optic cables to become tangled or handling 
them like metal wire cables can also leave them susceptible 
to breakage or signal loss. Appropriate handling of the fiber 
optic cables within the cable headend or Telco improves 
service to customers and reduces expensive repairs or 
replacements. 

By convention, cable companies and Telcos organize 
equipment modules by providing racks for holding the 
modules. The modules firequently fit within a box or chassis 
mounted onto the racks. Chassis often house optical elec- 
trical equipment such as transmitters, receivers, intelligent 
control interface modules (ICIM) and power supplies. A 
chassis configuration affords cable and Telco personnel easy 
access to the fiber optic cables (fiber) connected to various 
modules. Normally, modules slide into slots in the chassis. 
Fiber may route to and through the chassis. For example, a 
transmitter module design provides for inserting the module 
into a chassis having fiber optic connections along a front 
side of the chassis. Slots in the chassis hold additional 
equipment or devices, for example, a personal computer 
(PC) connection, fan trays, connectors for external devices 
and alarm indicators. 

Equipment configured in modules and mounted in racks 
generate beat. A headend or central office might contain tens 
of racks of chassis utilized in providing services to custom- 
ers. An individual rack can contain numerous chassis 
stacked one on top of another within the rack and, in the 
Telco market, the stacks may be arranged so chassis are back 
to back as well. Each chassis within the rack generates heat 
requiring dissipation. Telcos and cable providers rely on 
normal convection for cooling chassis in a rack. Optionally, 
a fan at the top of each chassis seeks to furnish supplemental 
cooling. But the stacked chassis result in a "chimney effect." 
The hot air exhaust is pulled by fans in higher chassis up the 
rack. This effect causes higher chassis to heat, rather than 
effecting the cooling the fans originally were intended to 
provide. Therefore, a more effective and efficient thermal 
management system for the chassis would contribute to the 
successful operation of the fibers and other equipment 
contained within the chassis. 

Each chassis market has specific configuration require- 
ments. The cable market chassis, referred to as the Multiple 
System Operator (MSO) chassis, requires fiber cable to 
route from the back of the chassis. The Telco market 
requirements differ between the U.S. and European markets 
(European Telecommunications Standard Industry, ETSl). 
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Both the U.S. Telco and ETSI markets require the fiber cable 
to route from the front of the chassis. Furthermore, due to 
stacking configurations, the U.S. Telco chassis must comply 
with the size requirement that it be no more than twelve 

5 inches deep, while the ETSI chassis must not exceed 280 
mm. In contrast, the MSO chassis mounts vertically in a 
rack, meaning it cannot extend more than thirty inches deep. 
Chassis utilized in an MSO environment allow connections 
from the rear of the chassis. 

10 Presently, to serve these differing chassis markets requires 
a different chassis for each market. This increases the costs 
of manufacturing, installation and maintenance. Therefore, a 
need exists for a chassis adaptable to the cable and Telco 
markets and provides thermal management in each configu- 

15 ration. The differences in approach among the Telco/CATV 
markets substantially complicate creation of a chassis that 
fulfills these objectives. 

This invention provides for a reconfigurable chassis for 
holding electrical equipment. The chassis can be reconfig- 
ured to conform to telephone company industry standards or 
to cable television industry standards. The reconfigurable 
chassis provides for thermal management of external elec- 
trical modules that are inserted into the chassis and removed 
firom the chassis, and the chassis includes a housing into 
which modules are inserted. The housing includes a front 
portion and a back portion and also has multiple guides for 
holding the modules. 

The chassis further includes a removable fan tray located 
on top of the housing. The fan tray holds fans for cooling the 
modules held within the housing. The fans can be situated in 
a first position or in a second position. When the fans are 
located in the first position, air is directed firom the front 
portion of the diassis. When the fans are located in the 
second position, air is directed from the back portion of the 
chassis. 

A removable rear connector panel is also provided for use 
with the chassis. The rear connector panel is used when 
electrical cables coupled to the modules are to be accessed 

^ firom the back portion of the housing. In this case, the 
removable rear connector panel is mounted to the back 
portion of the housing for electrically coupling to the 
electrical cables that are coupled to the modules. 
A removable panel bracket is used with the chassis when 

45 the electrical cables coupled to the modules are to be 
accessed fi'om the front portion of the hoxising, in which case 
the removable panel bracket is mounted beneath the bousing 
for routing the electrical cables from the back portion of the 
housing to the fi"ont portion of the housing. 

50 Along with the removable panel bracket, a removable 
firont connector panel is used when the electrical cables 
coupled to the modules are to be accessed from the front 
portion of the housing. The removable fi-ont connector panel 
is mounted to the front portion of the housing for electrically 

55 coupling to the electrical cables that have been routed 
through the removable panel bracket. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a front view of a basic chassis of this 
gQ invention. 

FIG. 2 shows a schematic, a rear view of the basic chassis 

of no. 1. 

FIG. 3 shows an exploded, perspective view of the basic 
chassis without modules. 
65 FIG. 4 shows an exploded, perspective view of the basic 
chassis modified to a MSO chassis that supports the cable 
television environment. 
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FIG. 5 shows a side view of the MSO chassis with a 
module inserted therein. 

FIG. 6A shows an exploded, perspective view of the MSO 
chassis having a fiber guide. 

FIG, 6B shows a side view of the MSO chassis, trans- 
mitter module, fiber guide bracket and a fiber guide. 

FIG. 7 ^ows a perspective, front view of the MSO 
chassis without a fan tray and power supplies. 

FIG. 8 shows a rear view of the rear connector panel of 
the MSO chassis. 

FIG. 9 shows a perspective, schematic view of MSO 
chassis mounted in a radc. 

FIG. 10 shows an exploded, perspective view of the basic 
chassis modified to a Telco chassis that supports the tele- 
communications environment. 

FIG. 11 shows a cut-away side view of the Telco chassis 
having a module inserted therein. 

FIG. 12 shows a front view of the Telco chassis, 

FIG. 13 shows a perspective view of multiple Telco 
chassis mounted in a rack. 

FIG. 14A shows an exploded, perspective view of the 
Telco chassis having a fiber guide bracket with a snap-in 
plastic guide. 

FIG. 14B shows sdiematic side views of alternative fiber 
guide brackets. 

FIG. 15 shows a perspective view of a front view of the 
Telco chassis without modules or a fan tray. 

FIG. 16 shows a front view of the Telco chassis vent 
holes. 

FIG. 17 shows a side view of a MSO chassis with a 
modular power supply. 

FIG. 18 shows a side view of a Telco chassis with a 
modular power supply. 

FIG. 19 shows side cut-away views of the basic chassis 
and the Telco and MSO chassis configured from the basic 
chassis. 

DETAILED DESCRIPTION 

FIGS. 1-19 show a dual configurable optical electronic 
equipment chassis (the ''basic chassis^) and alternative 
embodiments of the basis chassis. The basic chassis can be 
efficiently modified to support chassis requirements for the 
cable television market (MSO) and chassis requirements for 
the U.S. and European telecommunications markets (Telco). 
Each market requires a distinct chassis configuration. The 
MSO market requires a chassis where the fiber optic cable 
(fiber) routes from the rear of the chassis and all other 
input/output (I/O) connections and air exhaust routes 
through the rear of the chassis. MSO chassis cannot extend 
more than thirty inches deep. By contrast, the Telco market 
requires the chassis to extend no more than twelve inches 
deep and routes the fiber, all I/O connections, and air exhaust 
from the front or rear of the chassis depending on the 
configuration used to mount the chassis. European Telcos 
expect the chassis to be no more than 280 mm deep with 
fiber routing, I/O connections and air exhaust through front 
of chassis, when chassis stadc in a frame in a back-to-back 
configuration. The chassis of this invention with appropriate 
sub-assemblies configures to support the requirements of the 
cable industry, U.S. and European Telco markets. 
Basic Chassis 

FIG. 1 shows a front view of the basic chassis 10 of this 
invention. A front side 12 of the basic chassis 10 shows an 
illustration of modules supported by the basic chassis 10. 
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For example, modules compatible with the basic chassis 10 
include Intelligent Control Interface Modules (ICIM) 14, 
optical-electroptical equipment such as transmitters 16 and 
receivers modules 18, and modular power supplies 20. The 

5 basic chassis accommodates fourteen transmitters/receiver 
single slot modules 16, 18 when two power supplies 20 are 
utilized with the chassis. A single slot or blank module 
configuration may be substituted for a power supply. There 
are twelve slots for transmitter/receiver modules 16, 18 slots 
when an ICIM 14 is installed; there are ten slots when an 
ICIM 14 and any redundant modules are installed. 
Additionally, the chassis supports other modules, including 
radio frequency (RF) driver amplifiers, receivers, 
transmitters, externally modulated transmitters (EMTi), 
erbium-doped fiber or other amplifiers (EDFAs) optical 

^5 switches, RF switches and digital reverse modules. An 
ejector system 17 provides for controlled insertion and 
extraction of the modules 14, 16, 18 and 20. The front side 
12 of the basic chassis 10 supports a connection for a 
personal computer (PC) 22 and indicators such as a fan 

20 alarm indicator 24. 

FiG. 2 shows a rear, schematic view of the basic chassis 
10. The basic chassis includes a backplane 30. The chassis 
backplane 30 distributes the power supply voltages 32, a 
coHMnon serial bus, the high ^eed data bus to the ICIM 36, 

25 and foiu discreet external (coax) connections 38 to each of 
the module connectors (with the expansion capability of 
six). The common serial bus includes a series of wire traces 
within the badcplane 30 that connects to all of the connectors 
and hence common to all module slots. The backplane 30 

30 provides a passive circuit card assembly. A mechanical ID 
device attaches to the back plane 30. The mechanical ID 
device provides a number identification such as a 
mechanical/electrical ten position switch to the backplane 30 
set (with a unique number) to each chassis during installa- 

35 tion. That unique number allows the ICIM to control mul- 
tiple chassis (e.g. one ICIM may control six or more 
chassis). 

The connectors 38 utilized for interconnection to the 
modules include Hard Metric 2 mm pitch, lEC 917 and lEC 

40 1076-4-101 or equivalent series and accommodate power, 
digital signals and coaxial signals. The connectors 38 are 
inherently self-guiding and allow blind mate connection. 
These coimectors 38 reduce insertion and withdraw forces 
when inserting or removing modules as compared to exist- 

45 ing devices. As configured, the connectors 38 provide four 
coax interconnections to the module and optionally six coax 
interconnections, and 110 signal/power pins. The connectors 
on the top of the back plane encompass cable assemblies that 
plug into the backplane connectors. Hiese cable assemblies 

50 route to either the Telco chassis front side or a bade side of 
the MSO chassis. 

FIG. 3 shows an exploded, perspective view of the basic 
chassis 10 without modules. The basis chassis 10 includes 
the front side 12, the backplane 30, two sides 40, 42, a top 

55 44 and bottom 46, a fan tray 48, and a shelf 50. The bottom 
46 and two sides 40, 42, attach forming support for the basic 
chassis 10. The backplane 30 includes the conneaions 
shown in FIG. 2; however, for illustrative purposes, FIG. 3 
shows only a few connectors 38. The bottom 4^5 of the basic 

60 chassis 10 includes a plurality of grids 52 on an upper 
portion 54 of the bottom 46 for guiding the modules into the 
basic chassis 10. T^e shelf 50 includes a plurality of grids 52 
that cooperate with the bottom 46 for receiving modules. 
The shelf 50 attaches to the two sides 40, 42 and the 

65 backplane 30 attaches to the shelf 50. 

The basic chassis 10 provide for ease of mounting in 
either a cable television environment or central office of a 
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telecommunications company. Modules slide into the basic 
chassis 10 from the front side 12 of the basic chassis 10 and 
are guided by plastic module guides 52. Blind mate con- 
nection is made with the motherboard. Modules can have 
optional guide or ground pins instaUed for increased align- 
ment. The modules will be secured and removed via ejector 
levers 17 (See FIG. 1). Modules will be hot installable and 
may be grounded directly to the basic chassis 10 by captive 
screws on the fix)at of the modules. The modules/chassis 
injector design and self-aligning connector platform allow 
for minimal insertion and withdrawal forces. Fiber enters the 
module from the front side 12 of the basic chassis 10. Some 
modules accommodate up to four or more SC/APC type 
optical connectors or potentially other type connectors on 
the front side 12. SC/APC type optical connectors meet 
industry standards for optical connectors utilized for fiber 
cable connections to modules. 

Fan tray 48 positions on top of the ^elf 50. Top 44 slides 
into position above the fan tray 48 and attaches to fan tray 
48 and the two sides 40, 42 and backplane 30. Top 44 
includes a rear portion 57 having a plurality of vents 59. The 
fan tray 48 holds a printed wiring board including a fan 
interface and monitoring circuit board assembly 58. Assem- 
bly 58 includes filtering, fan connections, an alarm LED 
connection, and an interconnect with backplane cable 
assembly 60. A bank of fans 62, such as tube fans, on the fan 
tray 48 may cooperate with the vents 59 in the top 44 provide 
for directing air out of the basic chassis 10. The removable 
fan tray 48 houses the fans 62 for ease of maintenance. Fans 
62 may be held in one of multiple locations or fan tray 48 
by vents 59. In one embodiment, at least one fan 62 is 
adjustable to exhaust air from the chassis 10 via a selected 
path. 

Note, however, that fans 62 could be aflEbced to the tray by 
clips, adhesive, straps or other mechanical fixtures. 
Likewise, fan tray 48 could take any form that would readily 
hold fans 62 in an adjustable matter. Thus, instead of 
multiple fan-shaped vents 59, fan try 48 could simply have 
a number of parallel slots to which fans 62 could be 
removably or slidably attached. 

The basic chas^ 10 can be constructed from aluminum 
and steel. The parts can be assembled utilizing for example, 
screws or rivets. The fan tray 48 may be masked and painted. 
The nest of the parts may have clear coat conversion coating, 
for example, silver or brushed aluminum color. 

This invention provides for thermal management of the 
chassis 10. The fan 62 bank of this invention provides 
significantly more cooling air with a imiform distribution of 
air between the modules. A negative crusher fan system puUs 
input cooling air from the cable headend or central office 
environment rather than from inside the rack area. The dye 
cast or sheet metal modules have a heat sink surface along 
the side, providing more cooling surface area, rather than on 
the module rear The sheet metal chassis 10 exhausts air 
through vent holes 59. Air draws in from the bottom side 46. 
This design ensures the positive cooling effects of increased 
air flow and less restriction of air flow through the chassis. 

As discussed below, the basic chassis 10 rear exhaust fan 
system supports the MSO environment while the basis 
chassis 10 easily modifies to a front exhaust fan tray for use 
in Telco chassis. Preferably, this invention provides for an 
indefinite fan operation. For example, operation continues if 
oae fan 62 fails. Further, this invention provides for a ten 
minute guaranteed operation when replacing the fan tray 48. 

This invention aims to achieve basic chassis 10 heat 
dissipation of about 240 watts. Id a six chassis rack con- 
figuration this heat dissipation meets or falls within the 
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Network Equipment Building Standards (NEBS) BellCore 
GR-63-Core guidelines for 24-inch deep racks of 1,450 
watts per rack. 

Optionally, a door fits over the front side 12 of the basic 
chassis 10. The door includes vent holes positioned adjacent 
to the fans 62 for air exhaust and provides additional 
protection from electromagnetic fields. 
MSO Chassis 

EHG. 4 shows an exploded perspective view of the basic 
chassis modified to a MSO chassis 70 that supports the MSO 
environment. The MSO diassis 70 encompasses the basic 
chassis 10 modified to comply with headend configuration, 
size and mounting requirements. The size of the MSO 
chassis 70 is approximately 17 inches wide by 14 inches 
deep with an overall height of about 10.50 inches and 
weighs about 20 pounds. Hie MSO chassis 70 includes the 
basic chassis 10, a fiber tray subassembly 72, a cable 
interface housing having a rear connector panel 74, mount- 
ing flange brackets 76, support brackets 78, and fiber guide 
bradcets 82. The construction materials, assembly and finish 
for the MSO chassis 70 corresponds to the basic chassis 10. 

MSO chassis 70 may be assembled as follows. First, the 
support bracket 78 attaches the basic chassis 10 to the fiber 
tray sub-assembly 72 creating the MSO chassis 70. Fiber 
guide bracket 82 is positioned between the basic chassis 10 
and an upper front portion 84 of the fiber tray sub-assembly 
72. The rear connector panel 74 attaches to the rear of the 
fiber tray sub-assembly 72 providing access to connections 
such as RF coax connections, power hook ups, alarms, and 
ICIM interfaces at the rear of the chassis 70. Mounting 
brackets 76 attach the MSO chassis 70 to a rack 88. 

F\G,S shows a side view of the MSO chassis 70, outfitted 
with a transmitter 16 or receiver 18 module. The MSO 
chassis 70 allows fiber entry from the rear or front. The fiber 
90 attaches to a connector 92 on the transmitter module 16 
or receiver module 18, and then the fiber 90 routes under- 
neath the basic chassis 10 guided by the fiber guide bracket 
82 onto the fiber tray sub-assembly 72 out the rear of the 
MSO chassis 70, Fans 62 move the air exhaust 91 from the 
front of the MSO diassis 70 to the top for exhaust out the 
rear. Cormectors 94 coupled to the housing 130 allow for 
rear access to RF coax connections. 

FIG. 6A shows the MSO chassis 70 with a fiber guide 96, 
which may be formed of plastic. As fiber 90 routes to the 
front it can be clipped to fiber guide 96 retainers attached to 
the fiber guide bracket 82. FIG, 6B shows a side view of the 
MSO chassis 70, transmitter module 16, fiber guide bracket 
82 and the fiber guide 96. The fiber guide 96 keeps an 
appropriate bend in the fiber 90 limiting signal deterioration. 
ITie removable assembly of fiber guide bracket 82 and fiber 
guide 96 may be utilized with other configurations, for 
example the Telco chassis. 

FIG. 7 shows a perspective, front view of the MSO 
chassis 70 without a fan tray 48 and modular power supplies 
20. This view shows attachment of an ICIM module 14, 
transmitter modules 16 and/or receiver module 18 to the 
MSO chassis 70. Fibers 90 can attach to the transmitter 
module at connector 92. 

FIG. 8 shows a rear view of the rear connector panel 74 
of the MSO chassis 70. Like the rear of the basic chassis 10, 
the MSO chassis 70 includes a plurafity of connectors 100, 
such as, ICIM control 36, Ethernet connections 37, redun- 
dancy control alarms 102, power suppfies 104 and auxiliary 
power 39. A passageway 106 allows fiber 90 entry from the 
rear as well as entry from the front of the MSO chassis 70, 
Air exhausts 91 out of the MSO chassis 70 from the vents 
59 located close to the fans 62 at the top rear of the MSO 
chassis 70. 
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In the MSO chassis 70, modular power supplies connecl 
at the rear of the chassis. The modular power supply 104 
(AC-MPS) conaects to an adapter that houses the AC line 
cord input. When a DC-MPS is used, a similar DC adapter 
is utilized having a terminal block for input. The overall size 5 
of the power supply for the MSO chassis 70 includes a 
height of about 6.5 inches, a length of about 10 inches and 
a two-inch width. Power (various DC voltages) distributes 
via backplane connector 38 (shown in FIG. 2) through lEC 
917 and lEC 1076-4-101 compatible power connectors and lO 
signal connectors from input connectors 32. 

A frame or rack 88 holds up to six stacked MSO chassis 
70. The six-unit configuration allows the front or rear fiber 
90 routing and rear RF coax connections 94. Like the basic 
chassis 10, an optional finont door may be placed on the MSO IS 
chassis 70. 

FIG. 9 shows a perspective, schematic view of a rack 88. 
The chassis design allows rack moimting in either open or 
enclosed 19 inch or 24-inch wide cabinets or racks per 
Electronic industries Association (EIA) Specification 20 
RS-310-C. The MSO chassis 70 supports a loaded weight of 
150 pounds utilizing the mounting ears or mounting brackets 
76 for support in either the open or enclosed rack 88 
configuration. A standard six-foot (also referred to as a 40 
unit standard rack) rack 88 support six MSO chassis 70. A 25 
chassis moimts to a rack 88 via removable motmting ears, or 
mounting brackets 76, attached to the side of the chassis. 
When mounted in an enclosed rack 88 having internal side 
attachment areas, the chassis accommodates the use of rack 
88 or chassis support rails. In this configuration, air exhausts 30 
along path 91 from a lower front portion of the MSO chassis 
70 and out of the rear of the chassis. In yet another 
embodiment, fans 62 exhausts the air out of the chassis 70 
along a path directed away fix)m other chassis 70 within the 
rack 88. 35 

Using the present invention, the so-called chimney effect 
can be substantially eliminated. That goal is achieved by 
directing exhaust from each chassis along paths that do not 
intersect with air flow entering adjacent or other chassis 
within the rack 88. FIG. 9 shows one such possible exhaust 40 
path 91, although other paths are possible. 
Telco Chassis 

FIG. 10 shows an exploded, perspective view of the basic 
chassis modified to a Telco chassis 110 that supports the 
Telco environment. The Telco chassis 110 includes the basic 45 
chassis 10 modified to comply with U.S. and European Telco 
configuration, size and mounting requirements. The size of 
the U.S. Telco chassis 110 is approximately 17 inches wide 
by 12 inches maximum deep by about 14 inches tall and 
weighs approximately 20 pounds. The ETSI chassis requires 50 
the chassis extend no longer than eleven inches. The con- 
struction materials, assembly and finish are the same as for 
the basic chassis 10. 

The Telco chassis 110 includes the basic chassis 10, a 
connector panel sub-assembly including a front connector 55 
panel 112, a housing 130 (shown also in FIG. 19) having a 
panel bracket 114 and a vent bracket 116, mounting Qange 
brackets 76, and fiber guide bracket 82 and a rear cover 118. 
In the Telco chassis 110, all connections reside on the front 
of the chassis 110. The fans 62 are positioned on the front of 60 
the fan tray 48 for front air exhaust. Vents 59 located in a 
front portion of the fan tray 48 provide for air exhaust 91. 
The Telco environment requires front air exhaust 91 since 
the Telco chassis 110 typically mount in a frame or rack 88 
in a back-to-back configuration. In another embodiment, the 6S 
Telco chassis 110 exhausts air from the rear when vertically 
stacked in a rack 88. In yet another embodiment, fans 62 
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exhausts the air out of the chassis 110 along a path directed 
away from other chassis 110 within the rack 88. 

FIG. 11 shows a cut-away side view of the Telco chassis 
110 having a transmitter (or receiver) module inserted 
therein. A plurality of modules such as transmitter 16 and 
receiver 18 modules, ICIM modules 14, and power supplies 
20 insert into the basic chassis 10 portion of the Telco 
chassis 110. Fiber 90 routes from the module connectors 92 
through the fiber guide bracket 82 or 120. The Telco chassis 
110 provides for RF coax connections 94 from the front 
connector panel 112 of the housing 130. Exhaust air 91 
entering from the front of the Telco chassis 91 can be 
exhausted out the front or rear of the chassis 91. A top rear 
air exhaust is utilized when Telco chassis 110 are mounted 
in a back to back configuration in a rack 88. 

FIG. 12 shows a front view of the Telco chassis 110. This 
view shows an ICIM module 14, transmitter modules 16 
and/or receiver module 18, power supplies 20 and connec- 
tors 92 attached to the Telco chassis 110. The front of the 
Telco chassis 110 provides for a pltirality of connectors 100, 
ICIM control 36, Ethernet connections 37, redundancy con- 
trol alarms 102, power supplies 104 and auxiliary power 39. 
Like the basic chassis 10, an optional front door may be 
placed on the Telco chassis 110. 

FIG. 13 shows a perspective view of a rack 88. The Telco 
chassis 110 design allows rack mounting in either open or 
enclosed 19 or 23 inch wide cabinets or racks per NEBS 
BcUCore GR-63-Cor6 standard, 19 or 24 inch wide cabinets 
or racks per EIA Specification RS-310-C, or 535 mm wide 
cabinets or racks per ETS 300 119-3. A standard six-foot 
(also referred to as a 40 unit standard rack) rack 88 can 
support ten Telco chassis 110 arranged in a back-to-back 
configuration shown in FIG. 13. The Telco chassis 110 fits 
within a standard frame when stacked five units tall. Stack- 
ing of the Telco chassis 110 five units high allows for front 
fiber and front RF coax connections. Cable routing and 
power cotmections are also from the front side of the Telco 
chassis 110. Air intake for the chassis is from the front 
bottom and exhaust is at the top rear in a stacked configu- 
ration; and if the chassis are arranged in the back-to-back 
configuration, from the front via the exhaust fan tray 48. 
Again, like in FIG. 9, the exhaust path from chassis 110 has 
been arranged so as not to intersect with air flowing into 
other chassis 110 in rack 88. This effectively limits or 
eliminates the chimney effect. The Telco chassis 110 sup- 
ports a loaded weight of 150 pounds utilizing the mounting 
ears or mounting brackets 76 for support in either the open 
or enclosed rack configuration. 

FIG. 14A shows an exploded, perspective view of the 
Telco chassis 110 having a fiber guide bracket 120 with a 
snap-in plastic guide 122. FIG. 14B shows schematic side 
views of alternative fiber guide brackets 120A, 120B, 120C, 
and 120D. Fiber 90 routes to the firont of the Telco chassis 
110 through the fiber guide bracket 120 allowing for cable 
separation and control of fiber 90 radius bends. 

FIG. 15 shows a perspective, front view of the Telco 
chassis 110 without modules or a fan tray 48. This view 
shows how an ICIM module 14, transmitter modules 16 
and/or receiver module 18 can be attached to the Telco 
chassis 110. 

FIG. 16 shows a front view of the Telco chassis 110 vent 
holes. In one embodiment, the Telco chassis 110 positions 
fans 62 at the front of the fan tray 48. Air exhaust 91 in a 
Telco configuration expels from the rear of the Telco chassis 
110 or from the front for back to back rack 88 configurations. 
Modular Power Supplies 

Modular power supplies 20 insert from the front of the 
chassis. Both the MSO chassis 70 and Telco chassis 110 can 
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Utilize AC and DC modular power supplies. As discussed 
above, inputs for auxiliary power reside on the chassis 
connector panels. Generally, an adapter, such as a MPS 
adapter, is positioned behind the modular power supply 20, 
allowing connection and flexibility to supply a customer 5 
with an AC power supply or a DC power supply. The adapter 
is used with appropriate supply to allow AC or DC inputs 
and also allows "hot swap" capabilities. After positioning 
the adapter into place in the chassis, either the modular 
power supply 20 is directly connected to the chassis (MSO lO 
chassis 70) or a cable assembly connects to the power supply 
and then to the adapter (Telco chassis 110). 

FIG. 17 shows a side view of a MSO chassis 70 with a 
modular power supply 20. In the MSO chassis 70, power 
connections 124 extend from the rear of the MSO chassis 70. 15 
When utilizing an AC-MPS, the modular power supply 20 
connects to an adapter 125 that houses the AC line cord 
input When a DC-MPS is used, a similar DC adapter is 
utilized that has a terminal block for input. Various DC 
(voltages) distributes via rear panel connector 74 through 20 
AMP Z-PACK power connectors 126 and signal connectors 
128. The power supply for the MSO chassis 70 is about 6.4 
inches high, and 10 inches long and 2 inches deep. 

FIG. 18 shows a side view of a Telco chassis 110 with a 
modular power supply 20. In the Telco chassis the AC-MPS 25 
modular power supply 20 connects to an intemal panel 
mount cable assembly 130 that plugs into the AC input 
adapter 125. The AC input adapter 127 mounts on the front 
of the Telco diassis 110 (instead of the rear as in the MSO 
chassis 70) When a DC-MPS modular power supply is 30 
utilized, a similar DC adapter 127 having a terminal block 
input mounts on the front of the Telco chassis 110. 

FIG. 19 shows side cut-away views of the basic chassis 10 
and the Telco and MSO chassis 70, 110 configured from the 
basic chassis. The basic chassis 10 of FIGS. 1—4 easily 35 
reconfigures to support the Telco and CATV markets. As 
shown in FIG. 19, a reconfigurable housing or cable inter- 
face assembly 130 adapts for use with the Telco chassis 110 
and the MSO chassis 70. For example, the housing 130 
adapts from a first position to second position on the chassis 40 
10, reconfiguring the chassis 10 to support the Telco or 
CATV market. In the Telco chassis 110, the connectors 94 
reside on the front of the housing 130. Alternatively, with the 
addition of the fiber tray sub-assembly and the housing 130 
having connectors 94 of its back side, the housing 130 45 
supports the CATV environment The reconfigurable hous- 
ing 130 adaptable for both markets reduces engineering, 
manufacturing and repair costs because a common bousing 
130 converts to support both environments. 

For instance housing 130 tray be configured to couple to so 
the chassis 10 in a first position in which it attaches to the 
rear of the chassis to form a Telco chassis 110. By depending 
from the rear, the bousing 130 allows access to connectors 
94 from the chassis 110 front. Alternatively, housing 130 can 
be reconfigured slightly in shape and dimension and placed 55 
in a second, rear position on basic chassis 10 to form MSO 
chassis 70. From the second position, housing 130 allows 
rear access to connectors 94. Skilled persons wiU recognize 
that housing 130 could be reconfigured to couple with sides, 
or top of the chassis. 60 

FIG. 19 also depicts the selected path of air exhaust for the 
each chassis. In the Telco chassis HO, air flows 91 from the 
bottom of the chassis 110 through the chassis and exhausts 
out the front of the chassis. This selected air flow path 
eliminates or at least substantially limits the chimney effect 65 
when Telco chassis 110 mount in a rack 88 in a back-to-back 
configuration. Optionally, Telco chassis 110 utilize a rear air 
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exhaust when vertically stacked in a rack 88. In a CATV 
environment where chassis stack vertically in rack 88, the 
MSO chassis 70 draws air 91 from the bottom of the chassis 
and exhausts the air 91 out the rear also eliminating the 
chimney effect 

An advantage of this invention is that it provides a 
modular chassis adaptable to the cable, U.S. Telco and 
European Telco markets. The modularity reduces engineer- 
ing and manufacturing costs. The invention also provides for 
an even distribution of air transfer through the chassis 
eliminating the chimney effect 

In light of the foregoing disclosure of this invention and 
description of certain preferred embodiments, those who are 
skilled in this area of technology will readily understand that 
various modifications and adaptations can be made without 
departing from the true scope and spirit of this invention. All 
such modifications and adaptations are intended to be cov- 
ered by the following claims. 

What is claimed is: 

1. A reconfigiu'able chassis for providing thermal man- 
agement of external electrical modules that are inserted into 
the chassis and removed from the chassis, the chassis 
comprising: 

a housing into which modules are inserted, the housing 
having a front portion and a back portion and further 
having multiple guides for holding the modules; 

a removable fan tray located on top of the housing, the re 
movable fan tray for holding fans in first and second 
positions, wherein, when the fans are located in the first 
position, air is directed from the front portion of the 
chassis, and wherein, when the fans are located in the 
second position, air is directed from the back portion of 
the chassis; 

a removable rear connector panel for use when electrical 
cables coupled to the modules are to be accessed from 
the back portion of the housing, wherein the removable 
rear connector panel is mounted to the back portion of 
the bousing for electrically coupling to the electrical 
cables that are coupled to the modules; 

a removable panel bracket for use when the electrical 
cables coupled to the modules are to be accessed from 
the front portion of the housing, wherein the removable 
panel bracket is mounted beneath the housing for 
routing the electrical cables from the back portion of 
the hoiising to the front portion of the housing; and 

a removable front connector panel for use when the 
electrical cables coupled to the modules are to be 
accessed from the front portion of the housing, wherein 
the removable front connector panel is mounted to the 
front portion of the housing for electrically coupling to 
the electrical cables that have been routed through the 
removable panel bracket. 

2. The reconfigurable chassis of claim 1, wherein the 
electrical cables comprise coaxial cables. 

3. The reconfigurable chassis of claim 1, wherein the 
removable fan tray includes mounting means for holding the 
fans. 

4. The reconfigurable chassis of claim 3, wherein the 
removable fan tray includes vent holes formed in the front 
portion of the chassis. 

5. The reconfigurable chassis of claim 3, wherein the 
removable fan tray includes vent holes formed in the back 
portion of the chassis. 

6. The reconfigurable chassis of claim 1, wherein the 
removable rear connector panel comprises an interior 
surface, which faces towards the modules when the remov- 
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able rear connector panel is coupled to the back portion of 
the housing, and an exterior surface, which faces away firom 
the modules when the removable rear connector panel is 
coupled to the back portion of the housing. 

7. The reconfigurable chassis of claim 6, wherein the 5 
removable rear connector panel further comprises electrical 
connectors corresponding to the electrical cables that are 
coupled to the modules, the electrical connectors having a 
first coupling mechanism, formed on the interior surface, for 
directly connecting to the electrical cables and having a lO 
second coupling mechanism, formed on the exterior surface, 
for providing electrical access lo the electrical cables. 

8. The reconfigurable chassis of claim 1, wherein the 
removable fi-ont connector panel comprises an interior 
surface, which faces towards the removable panel bracket 15 
when the removable panel bracket and the removable front 
connector panel are coupled to the housing, and an exterior 
surface, which faces away from the removable panel bracket 
when the removable panel bracket and the removable firont 
connector panel are coupled to the housing. 
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9. The reconfigurable chassis of claim 8, wherein the 
removable firont connector panel comprises electrical con- 
nectors corresponding to the electrical cables that are 
coupled to the modules, the electrical connectors having a 
first coupling mechanism, formed on the interior surface, for 
directly connecting to the electrical cables and having a 
second coupling mechanism, formed on the exterior surface, 
for providing electrical access to the electrical cables. 

10. The reconfigurable chassis of claim 1, further com- 
prising: 

a fiber guide bracket mounted to the housing for optically 
coupling to fiber cables that are coupled to the modules. 

11. The reconfigurable chassis of claim 10, wherein the 
fiber guide bracket includes optical connectors that are 
optically coupled to the fiber cables and that are accessible 
from the front portion of the housing. 
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[57] ABSTRACT 

A data storage module and enclosure system generally 
comprising a data storage module enclosure and a plurality 
of data storage modules. The module enclosure includes top 
and bottom guide plates that define a plurality of data storage 
module bay slots. Normally, the top guide plate includes a 
plurality of compliant tabs that are adapted to engage the 
data storage modules when fully inserted, and a lock rail that 
is used secure the module in place within its bay slot. The 
data storage modules each include a data storage device, 
sucb as a disk drive, and a module carrier. The module 
carrier includes a canister having an open configuration. 
Nomaally mounted to the front side of the canister is a bezel 
which is contoiired to fit the user's hand and which includes 
a finger cavity that facihtates carrying of the module. 

38 Claims, 5 Drawing Sheets 
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DATA STORAGE MODULE AND 
ENCLOSURE SYSTEM 

HELD OF THE INVENTION 

The invention relates generally to a data storage module 
and enclosure system. More particularly, the invention 
relates to a data storage module and enclosure system which 
provides for improved rotational vibration control, improved 
electrical connector engagement, and increased mass storage 
density within the module enclosure. 

BACKGROUND OF THE INVENTION 

Data storage equipment components typically comprise a 
plurality of data storage modules that slidably dock within a 
module enclosure formed at the front end of the component. 
Normally, the data storage modules include disk drives 
which each include a plurality of internal disks or platters 
that spin at high speeds within the drive during operation. 
Although there are numerous data storage modules and 
module enclosures used in the industry today, none satisfy 
all of the performance requirements of present data storage 
systems. 

As is known in the art, the platters of the latest generation 
disk drives spin at speeds as high as 14K rpm creating 
gyroscopic forces that, in turn, create rotational vibrations. 
These vibrations can cause the individual ginning platters 
within the drive to contact each other (known as "head slap") 
which can be damaging to the platters. In previous systems, 
elastomeric bushings have been used in an effort to dampen 
such vibrations. Although these bushings appear to effec- 
tively protect the drive from external shock and vibrations, 
they do not completely dampen the internally generated 
vibrations created by the platters. 

In addition to these vibrational problems, conventional 
storage systems create difficulties with regard to electrical 
connector engagement between the disk drive and the mod- 
ule enclosure backplane. Typically, the backplane and the 
disk drives are provided with mating multiple pin connectors 
that require relatively large forces to engage and disengage. 
Coupling of the connectors in conventional systems has 
been problematic in that there has been difficulty in obtain- 
ing the proper degree of engagement between the two 
connectors. When the disk drive cormector does not fully 
engage with the backplane connector, intermittent signal 
losses can occur. On the other hand, when the disk drive 
connector is forced too harshly against the backplane 
connector, the connector solder joints can be damaged 
resulting in poor reliability of connection. The previous 
solution to such connection problems has been to use 
extremely low tolerance components which, it is intended, 
ensure proper engagement between the connectors of the 
disk drives and the backplane. Unfortunately, obtaining the 
tolerances needed for nominal mating of the connectors has 
proven to be extremely difficult from a manufacturing 
standpoint. 

Another problem associated with conventional data stor- 
age systems is that mass storage density within the module 
enclosures is not maximized. Specifically, the dimensions of 
conventional data storage modules do not permit the maxi- 
mum amount of packing possible in view of the dimensions 
of the disk drives themselves. 

From the above, it can be appreciated that it would be 
desirable to have a data storage module and enclosure 
system which solves the above -identified problems. 

SUMMARY OF THE INVENTION 

Briefly described, the present invention relates to a data 
storage module and enclosure system generally comprising 
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a data storage module enclosure and a plurality of data 
storage modules. The module enclosure includes a frontal 
opening, a backplane having a plurality of electrical con- 
nectors mounted thereto, and top and bottom guide plates 
5 that define a plurality of module bay slots. Normally, the top 
guide plate includes a plurality of comphant tabs that are 
adapted to engage the data storage modules when fully 
inserted, and a lock rail that is used to secure the module in 
place within its bay slot. 

The data storage modules each include a data storage 
device, such as a disk drive, and a module carrier. The 
module carrier includes a canister to which the data storage 
device can be fixedly mounted and a latch mechanism that 
locks the data storage module in place within its bay slot 
when the data storage device is fully inserted within the 
module enclosure. Typically, the canister only has top, 
bottom, and firont sides so as to be arranged in an open 
configuration to increase module packing density and 
improve heat dissipation. The top side of the canister has an 
end notch that is adapted to abut one of the compliant tabs 
of the module enclosure when the data storage module is 
fiilly inserted within the module enclosure to control final 
insertion of the module. 

Normally mounted to the firont side of the canister is a 
bezel. The bezel usually is contoured to fit the user's hand 
and includes a finger cavity that, together with an elongated 
finger opening typically provided in the firont side of the 
canister, facihtates carrying of the module. 

The particular objects, features, and advantages of this 
3Q invention will become more apparent upon reading the 
following specification, when taken in conjunction with the 
accompanying drawings. It is intended that all such addi- 
tional features and advantages be included therein with the 
scope of the present invention, as defined by the claims. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention can be better understood with reference to 
the following drawings. The components in the drawings are 
not necessarily to scale, emphasis instead being placed upon 
^ clearly illustrating the principles of the present invention. In 
the drawings, like reference numerals designate correspond- 
ing parts throughout the several views. 

no. 1 is an upper right perspective view of a data storage 
module and enclosure system constructed in accordance 
with the present invention. 

no. 2 is an upper right perspective view of the module 
enclosure shown in FIG. 1, with the upper side of the 
enclosure shown detached from the enclosure. 

FIG. 3 is an upper front perspective view of a data storage 
50 module shown in FIG. 1. 

FIG. 4 is an upper rear perspective view of the data 
storage module shown in FIG. 3, 

FIG. 5 is an upper front exploded view of the data storage 
module shown in FIGS. 3-4. 
55 FIG. 6 is a side view of a data storage module similar to 
that shown in FIGS. 1-4, inserted within a module enclosure 
in the unlatched position. 

FIG. 7 is a side view of the data storage module and 
module enclosure shown in FIG. 6, depicting the module in 
60 the latched position. 

FIG. 8 is cross-sectional view taken along lines 8 — 8 
shown in FIG. 6. 

DETAILED DESCRIPTION OF THE 
55 INVENTION 

Referring now in more detail to the drawings, in which 
like reference numerals indicate corresponding parts 
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throughout the several views, FIG. 1 illustrates a data 
storage module and enclosure system 10 constructed in 
accordance to the present invention. The system 10 gener- 
ally comprises a module enclosure 12 that forms part of an 
equipment component, and a plurality of data storage mod- 
ules 14 that can be slidably inserted within the module 
enclosure 12. 

As indicated in FIG. 1, the module enclosure 12 com- 
prises a substantially rectilinear housing which includes a 
top side 16, bottom side 18, and a pair of opposed lateral 
walls 20 and 22. The front of the enclosure 12 forms a 
frontal opening 24 such that the module enclosure 12 has an 
open-faced configuration. Typically, an enclosure door 26 is 
pivotally mounted to the module enclosure 12 at the bottom 
of the frontal opening 24 to close the module enclosure 12 
during normal operation. Inside the module enclosure 12 is 
a plurality of module bay slots 28 that extend linearly from 
the front of the enclosure to a main circuit board or back- 
plane 30 of the system positioned at the rear of the enclosure 
12. Each of the module bay slots 28 is adapted to receive a 
data storage module 14. As is apparent from FIG. 1, when 
the data storage modules 14 are inserted within the enclosure 
12, the data storage modules 14 are tightly packed with 
respect to each other such that the system provides for a very 
high mass storage density. 

Mounted to the top and bottom sides 16 and 18 inside the 
enclosure 12 are top and bottom guide plates 34 and 36. 
These guide plates 34, 36 typically are composed of sheet 
metal and include inner guide tracks 38 that guide the data 
storage modules 14 along their respective bay slots 28, 
although it wiU be appreciated that the guide plates 34, 36 
could be constructed of a suitable polymeric material, if 
desired. Furthermore, although depicted as being con- 
structed as separate parts, the top and bottom guide plates 
could be formed unitarily with the top and bottom sides, 
respectively. Adjacent the frontal opening 24 of the enclo- 
sure 12 are top and bottom alignment guides 40 and 42, 
respectively. Each alignment guide 40, 42 is provided with 
a plurality of channels 44 that guide the data storage 
modules 14 to the inner guide tracks 38 of the guide plates 
34 and 36. As is discussed below, the channels 44 and the 
inner guide tracks 38 aid the user in aUgoing the data storage 
modules 14 in their respective bay slots 28 such that the data 
storage device within the module can be properly connected 
to a multiple pin connector 47 mounted to the backplane 30. 

As indicated in FIG. 2, the top guide plate 34 mounted to 
the top side 16 of the module enclosure 12 includes a 
plurality of compliant tabs 46 which individually abut the 
data storage modules 14 v^^en the modules are fuUy inserted 
within the enclosure. The compliant tabs 46 typically com- 
prise relatively stiff metal springs that are unitarily formed 
with the top guide plate 34. As is discussed in more detail 
below, these tabs protect the multiple pin connectors of the 
data storage module 14 and the module enclosure 12 and 
ensure that proper engagement is made therebetween. 

FIGS. 3-5 illustrate the data storage module 14 in detail. 
As shown in these figures, the data storage module 14 
generally comprises a data storage device 48 and a data 
storage device carrier 50. Typically, the data storage device 
48 comprises a disk drive that generally comprises a sealed 
housing 52 which encloses a head/disk assembly comprising 
one or more disks or platters which are rotated at constant 
speed during operation (not shown). Outside of the sealed 
housing 52 is a circuit board 53 that includes a multiple pin 
connector 55, As is known in the art, disk drives are high 
precision instmments that are designed to provide thousands 
of hours of trouble free operation in mechanicaUy stable 



environments. However, as discussed above, the high rota- 
tional speeds of the platters create gyroscopic forces that can 
cause excessive rotational vibrations that, if not properly 
attenuated, can interfere with proper drive operation and can 

5 even permanently damage the platters. 

The data storage device carrier 50 comprises a data 
storage device canister 54 that, as shown most clearly in 
FIG. 5, includes a top side 56, a bottom side 58, and a front 
side 60. Typically, the canister 54 is unitarily constructed 
from a single piece of sheet metal which is folded to form 
the aforementioned sides of the canister. Although unitary 
construction is preferred, it is to be understood that alterna- 
tive construction is possible, if desired. As shown in RGS. 
3-4, the data storage device 48 fixedly mounts to the top and 
bottom sides 56 and 58 of the canister 54 with conventional 
fasteners such as screws or bolts. Normally, the sides of the 
canister 54 do not include side walls such that the canister 
has an open configuration and such that the data storage 
device 48 mounted thereto is exposed to the ambient air. The 
absence of such side walls provides for greater packing 

20 density of the data storage modules 14 within the module 
enclosure 12 and further provides for improved heat dissi- 
pation by increasing access to cooling air drawn through the 
system. With the open canister configuration, each data 
storage module 14 can be spaced from the next by a distance 

25 as small as 2 mm. 

The top and bottom sides 56 and 58 of the canister 54 
typically are substantially planar and rectilinear in shape. 
The top side 56 includes inner and outer surfaces 62 and 64 
and a side flange 66 which extends outwardly from the outer 

30 surface 64 of the top side 56. Similarly, the bottom side 58 
includes inner and outer surfaces 68 and 70 and a side flange 
72 which extends outwardly from the outer surface 70 of the 
bottom side 58. Each of the top and bottom sides 56 and 58 
is provided with an end notch 74 positioned at the rear of the 

35 canister 54. As is discussed below, at least the top end notch 
74 is adapted to receive one of the compliant tabs 46 of the 
module enclosure 12. Mounted to the outer surfaces 64 and 
70 of the top and bottom sides 56 and 58, respectively, are 
guide rails 76 which are adapted to be received by the 

40 channels 44 of the alignment guides 40, 42 of the module 
enclosure 12. These guide rails 76 align with the ab'gnment 
guides 40, 42 as well as the inner guide tracks 38 formed on 
the top and bottom guide plates 34 and 36 of the module 
enclosure 12 to facilitate insertion of the data storage 

45 modules 14 into the module enclosure 12. As shown in 
FIGS. 3-5, the guide rails 76 have substantially tiered ends 
78 which simplify the insertion process. Typically, the guide 
rails 76 are constructed of a relatively soft material such as 
a polymeric material such that the guide rails dampen shocks 

50 and slide smoothly along the chaimels 44 and guide tracks 
38 dimng module insertion. 

The front side 60 of the canister 54 is substantially planar 
and rectilinear in shape and comprises a front surface 80, a 
rear surface 82, and an elongated finger opening 84. The 

55 front side 60 further comprises an angled flange 86 that 
extends from the lateral edge of the front side. As indicated 
most clearly in FIGS. 3 and 4, the angled flange 86 extends 
rearwardly from the front surface 80 of the front side 60 for 
a distance and then extends inwardly at a generally right 

60 angle. Together with the elongated finger opening 84, the 
angled flange 86 facilitates handling of the data storage 
module 14. Extending from the other lateral edge of the front 
side 60 is a latch mechanism mounting flange 88, As shown 
in FIG. 5, the mounting flange 88 is substantially planar and 

65 rectilinear in shape and extends rearwardly from the front 
side 60 in a plane generally perpendicular to that comprising 
the front side. 
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Mounted to the front surface 80 of the front side 60 of the insert the module 14, the module is first aligned with the 

canister 54 is a bezel 90. As depicted in FIGS. 3-5, the bezel selected bay slot 28 by inserting the guide rails 76 of the 

90 has a substantially convex outer surface 92 which is module into the channels 44 of the top and bottom alignment 

generally contoured to fit the shape of the user's palm, and guides 40 and 42. Once the guide rails 76 are correctly 
a substantially planar inner surface 94 which is adapted to 5 aligned within these channels 44, the data storage module 14 

engage the front surface 80 of the front side 60 of the can be slid forwardly into the module enclosure 12. The 

canister 54. Normally, the bezel 90 is composed of a durable guide rails 76 pass smoothly along the alignment guide 

polymeric material and is heat staked in place on the front channels 44 and eventually engage the inner guide tracks 38 

side of the canister. The bezel 90 includes a plurality of air that are provided along the top and bottom guide plates 34 

inlets 96 that are used to draw air into the module enclosure jq 36 inside the module enclosure 12. 

12 from the atmosphere for cooling of the data storage When the data storage module 14 has nearly been fully 

devices 48. As illustrated in FIG. 4, the inner surface 94 inserted into its bay slot 28, contact is made between the 

includes a finger cavity 98 which, together with the elon- trailing edge 122 of the latch lever lock notch 116 and the 

gated finger opening 84 and the angled flange 86, fecilitates ^^ck rail 124 of the module enclosure. Continued insertion 

handling of the data storage module 14. ^^^^ module 14 causes the latch lever 102 to rotate in the 

As shown in HG. 5, a latch mechanism 100 is mounted ^^1^^^^^^.^^^^ '^.u^'TJ^^YTI^I 

to the latch mechanism mounting flange 88. TTie latch ^f}^^ '"^^ to the traflmg edge of he lock notch 116. 

" iii^^uui^^ ixaiigv i^. ALi*. xaiA,u ^ pomt, the data storage device multiple pm connector 

mechamsm 100 general^ comprises 55 first contacts its matkg multiple pin connector 47 

latch ever retamer 104. Typically, the latch lever 102 and the ^o^micd to the badqilane 30 positioned inside the enclosure 

latch lever retamer 104 are both substantially planar m shape 20 12. Insertion of the data storage module 14 can then be 

and constructed out of a durable polymeric material. completed by gripping the handle 126 between the thumb 

Although planar, each of the latch lever and the latch lever and index finger, by example, and pushing it forwardly. This 

retainer is robust in design in comparison to previous pushing motion further rotates the latch lever 102 in the 

module latch mechanisms to better withstand the loading clockwise direction and brings the leading edge 120 of the 

forces imposed thereon during latching and imlatching of the 25 notch 118 in contact with the lock rail 124. As the handle 126 

data storage module 14 as weU as forces that could be is pushed, the forces exerted on the leading edge 120 by the 

imposed on the module if it is accidentally dropped. The lock rail 124 urges the data storage module 14 forward the 

latch lever retainer 104 mounts directly to the latch mount- remainder of the distance needed to attain complete engage- 

ing flange 88 with a plurality of conventional fasteners, and ment of the multiple pin connectors 47, 55. As indicated in 

the latch lever 102 pivotally mounts to the latch lever 30 FIG. 7, latching is completed when the lock rail 124 is in 

retainer 104, and the remainder of the disk drive carrier 50, firm contact with the notch base 118 of the latch lever 102 

with another conventional fastener 106 such as a shoulder and the cantilever latch member catch 130 is received within 

screw. The axis of the shoulder screw forms a pivot point the catch notch 132 of the latch lever retainer 104. 

about which the latch lever 102 can angularly pivot. The Latching in this manner, the data storage module 14 can 

extent to which the latch lever 104 can pivot is limited by an 35 be quickly and easily electrically connected to the backplane 

L-shaped follower 108 that is formed on the latch lever that 30 of the module enclosure 12, Although a relatively large 

travels along an arcuate slot 110 formed in the latch lever force is needed to connect the mating multiple pin connec- 

retainer 104 as indicated in FIGS. 6-8. tors 47, 55 of the data storage device 48 and the backplane 

The latch lever 102 generally comprises a latch end 112 30, the latch lever 102 provides a relatively large amount of 

and a handle end 114 as indicated in FIGS. 6-7. At the latch 40 leverage such that the user need only use finger pressure to 

end 112 is a lock notch 116 that is defined by a notch base complete the insertion of the module 14 and attain full 

118 and leading and trailing edges 120 and 122. Arranged in engagement between the connectors. Once latched, the data 

this manner, the lock notch 114 is adapted to receive a lock storage module 14 is held tightly in place. In particular, the 

rail 124 of the top guide plate 34 positioned adjacent the firm contact maintained between the lock notch 114 and the 

frontalopcning24of the module enclosure 12. At the handle 45 lock rail 124 transits a relatively large amount of force 

end 114 of the latch lever 102 is a handle 126 which along the latch lever 102 to the shoulder screw, and thereby 

surrounds a flexible cantilever latch member 128. Typically, to the remainder of the module 14. Due to this force, the data 

the cantilever latch member 128 takes the form of an storage module 14 may be said to be bard mounted within 

elongated, substantially planar member which is formed the module enclosure 12. This hard mounting greatly attenu- 

unitarily with the latch lever 102. On the inner surface of the 50 ates the rotational vibrations created by the spinning platters 

latch member 128 is a catch 130 (indicated with hidden and eliminates contact between the individual platters, 

lines) that is sized and shaped for receipt by a catch notch Id addition to reducing the force needed lo engage the 

132 formed in the latch lever retainer 104. As shown in FIG. multiple pin connectors 47, 55, the present system further 

3, a finger tab 132 is formed at the distal end of the cantilever ensures that the proper degree of engagement is had between 

latch member 128 which provides a surface that the user can 55 the multiple pin connectors so that complete contact is made 

press when the data storage module 14 is to be removed without damaging the connectors. In particular, the compli- 

from the module enclosure 12. As indicated most clearly in ant tabs 46 of the module enclosure 12 make contact with the 

FIG. 1, the handle 126 typicaUy is laterally displaced end notches 74 of the canisters 54 as shown in FIG. 7 to act 

towards the center of the data storage module 14 relative to as a resilient stop which both relieves some of the force that 

the latch mechanism 100 to provide a visual indication to the eo would normally be transmitted to the connectors and limits 

user as to which handle belongs to which module. insertion of the data storage module to ensure that over 

The primary stmctural features of the invention having engagement of the connectors does not occur. Although 

been described above, the insertion of the data storage described herein as being formed with the top guide plate 34, 

module 14 into the module enclosure 12 will now be it wiU be appreciated that the compliant tabs 46 could be 

discussed. When a data storage module 14 is to be inserted 6S placed in any position within the module enclosure 12 in 

into a bay slot 28 of the module enclosure 12, the latch lever which the tabs would abut the data storage modules 14 when 

102 is placed in the unlatched position depicted in FIG. 6. To fully inserted within the enclosure. 
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To remove the data storage module 14 from the module 
enclostire 12, the latch lever 102 must first be released. To 
release the lever 102, the user again grips the handle 126 
between the thumb and index finger, by example, and 
simultaneously presses the finger tab 132 inwardly (left in 5 
the embodiment shown in the figures) to release the catch 
130 fi-om the catch notch 132. At this point, the latch lever 
102 can be rotated in the counter-clockwise (unlatching) 
direction by pulling the handle 126 outwardly. The coimter 
clockwise rotation of the latch lever 102 forces the trailing 10 
edge 122 of the lock notch 118 against the lock rail 124 of 
the module enclosure to slide the data storage module 14 
outwardly from its bay slot 28 and disengage the multiple 
pin connectors 47, 55 within the enclosure. 

Once the connectors 47, 55 have been fully disengaged, 
the entire data storage module 14 can be removed firom the 
module enclosure 12 by gripping the module and pulling it 
outwardly from its bay slot 28. The user can securely grip 
the module by wrapping his/her fingers around the bezel 90 
and the angled flange 86 of the canister 54 such that his/her 
fingers extend through the finger opening 84 of the canister 
54 and his/her fingertips are positioned within the finger 
cavity 98 formed in the bezel 90. When gripped in this 
manner, the outer surface 92 of the bezel 90 fits within the 
user's palm such that the module 14 can be held comfortably ^ 
in the user's hand. Accordingly, tbe bezel 90 and canister 54 
can be said to together form an intuitive grab handle with 
which the data storage module 14 can be manipulated. Once 
completely withdrawn from the module enclosure 12, the 
module 14 can be carried by the grab handle in manner 
described above. 

The grab handle of the present invention presents advan- 
tages not realized in conventional systems. First, the grab 
handle permits the user to obtain a firm control over the 
module 14. This is particularly important when the data 
storage is a latest generation disk drive in that the platters 
within the drive may still spin for 20 to 40 seconds after the 
data storage module 14 has been withdrawn and therefore is 
creating gyroscopic forces which could cause the user to 
lose his/her grip of the module. Second, the grab handle ^ 
provides the user with way to carry the module 14 without 
having to touch the data storage 48 itself. This feature is 
important since the device 48 may be hot when first removed 
from the enclosure 12 or may have stored electrostatic 
charges, either of which could cause the user to drop the 
module 14. 

While preferred embodiments of the invention have been 
disclosed in detail in the foregoing description and 
drawings, it will be understood by those skilled in the art that 
variations and modifications thereof can be made without 
departing from the spirit and scope of the invention as set 
forth in the following claims. 

Therefore, the following is claimed: 

1. A data storage module and enclosure system, compris- 
ing: 

a data storage module enclosure including a frontal 
opening, a backplane having a plurality of electrical 
connectors mounted thereto, and top and bottom guide 
plates that define a plurality of data storage module bay 
slots, one of said guide plates including a plurality of 
compliant tabs, one electrical connector and one com- 
pliant tab being aligned with each of said bay slots; and 

at least one data storage module, said module including a 
data storage device and a module carrier, said data 65 
storage device including an electrical connector sized 
and configured to mate with one of said electrical 
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connectors of said module enclosure backplane, said 
module carrier including a canister to which said data 
storage device is fixedly mounted and a latch mecha- 
nism including a latch lever and a latcb retainer that 
locks said data storage module in place within its bay 
slot when said data storage device is fully inserted 
within said module enclosure, said canister having top, 
bottom, and front sides arranged in a manner such that 
said canister has an open configuration, 
wherein one of said compliant tabs abuts said data storage 
module when said module is fully inserted within said 
module enclosure to both relieve a component of force that 
would normally be transmitted to said module and back- 
plane connectors and to limit insertion of said data storage 
module within said module enclosure to ensure that over 
engagement of said connectors does not occur. 

2. The system of claim 1, wherein each of said guide 
plates includes an alignment guide positioned adjacent said 
frontal opeiung of said module enclosure and said at least 
one data storage module includes a guide rail mounted to 
each of said top and bottom sides of said canister, wherein 
said guide rails travel along channels formed in said align- 
ment guides during insertion of said at least one data storage 
module within said module enclosure to ensure proper 
alignment of said module within its bay slot. 

3. The system of claim 2, wherein each of said alignment 
guides and said guide rails is composed of a polymeric 
material. 

4. The system of claim 3, wherein each of said guide 
plates includes a plurality of inner guide tracks spaced 
inwardly from said alignment guides, wherein said guide 
rails travel along said guide tracks during insertion of said at 
least one data storage module within said module enclosure 
to further ensure proper aligament of said module within its 
bay slot. 

5. The system of claim 4, wherein each of said guide 
plates is composed of a sheet metal material 

6. The system of claim 1, wherein said top guide plate 
includes a lock rail positioned adjacent said frontal opening 
of said module enclosure and said latch mechanism includes 
a latch lever having a lock notch, wherein said lock notch 
receives and is in firm contact with said lock rail when said 
latch mechanism is in a latched position. 

7. A data storage module adapted for insertion within a 
module enclostire, said data storage module comprising: 

a module carrier including a canister having top, bottom, 
and front sides arranged in a manner such that said 
canister has an open configuration, a latch mechanism 
including a latch lever and a latch retainer mounted to 
said canister, and a bezel mounted to said front side of 
said canister, said front side of said canister including 
a finger opening and said bezel including a finger 
cavity, said finger opening and said finger cavity fadh- 
tating carrying of said data storage module; and 

a data storage device having an electrical connector 
mounted thereto, said data storage device being fixedly 
moimted to said top and bottom sides of said canister. 

8. The module of claim 7, further comprising a guide rail 
mounted to each of said top and bottom sides of said 
canister, said guide rails being adapted to slide along align- 
ment guides positioned within the module enclosure. 

9. The module of claim 8, wherein each of said guide rails 
has tapered ends which facilitate insertion and alignment of 
said data storage module within the module enclosure. 

10. The module of claim 7, wherein said top and bottom 
sides of said canister include side flanges that extend out- 
wardly therefrom. 
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11. The module of claim 10, wherein said side flange of 
said top side of said canister forms an end notch that is 
adapted to abut a compliant tab positioned within the 
module enclosure. 

12. The module of claim 7, wherein said latch mechanism 5 
comprises a latch lever having a lode notch that is adapted 

to receive a lock rail positioned within the module enclosure. 

13. The module of claim 12, wherein said latch lever is 
substantially planar and further includes a handle, said 
handle being oflf-set with respect to the plane containing said 
latch lever so as to be positioned adjacent the center of said 
bezeL 

14. The moduJe of claim 7, wherein said bezel has an 
outer surface that is contoured to fit the palm of the carrier. 

15. The module of claim 14, further comprising an angled 
flange extending rearwardly firom said front side of said 
canister which further facilitates carrying of said data stor- 
age module. 

16. The module of claim 7, further comprising a latch 
mechanism mounting flange extending rearwardly from said 
front side of said canister, said latch mechanism being 20 
mounted to said latch mechanism moxmting flange. 

17. The module of claim 7, wherein said data storage 
device is a disk drive. 

18. A data storage module carrier for facilitating carrying 
of a data storage module and insertion of the module within 25 
a module enclosure, said module carrier comprising: 

a data storage device canister having top, bottom, and 
front sides arranged in a manner such that said canister 
has an open configuration, said front side of said 
canister including a finger opening; 

a latch mechanism including a latch lever and a latch 
retainer mounted to said canister; and 

a bezel mounted to said front side of said canister, said 
bezel including a finger cavity; 

wherein said finger opening and said finger cavity facili- 35 
tating carrying of said data storage module. 

19. The carrier of claim 18, further comprising a guide rail 
mounted to each of said top and bottom sides of said 
canister, said guide rails being adapted to slide along align- 
ment guides positioned within the module enclosure. 40 

20. The carrier of claim 19, wherein each of said guide 
rails has tapered ends which facilitate insertion and align- 
ment of the data storage module within the module enclo- 
sure. 

21. Hie carrier of claim 18, wherein said top and bottom 4S 
sides of said canister include side flanges that extend out- 
wardly therefrom. 

22. The carrier of claim 21, wherein said side flange of 
said top side of said canister forms an end notch that is 
adapted to abut a compliant tab positioned within the 50 
module enclosure. 

23. The carrier of claim 18, wherein said latch mechanism 
comprises a latch lever having a lode notch that is adapted 
to receive a lode rail positioned within the module enclosure. 

24. The caaier of claim 23, wherein said latch lever is 55 
substantially planar and further includes a handle, said 
handle being off-set with respect to the plane containing said 
latch lever so as to be positioned adjacent the center of said 
bezel. 

25. The carrier of claim 18, wherein said bezel has an 60 
outer surface that is contoured to fit the palm of the carrier. 

26. The carrier of claim 25, further comprising an angled 
flange extending rearwardly from said front side of said 
canister which further fadlitates carrying of the data storage 
module. 65 

27. The carrier of claim 18, further comprising a latch 
mechanism mounting flange extending rearwardly from said 



front side of said canister, said latch mechanism being 
mounted to said latch mechanism mounting flange. 

28. A method for using a data storage module including a 
lock mechanism in conjunction with a module enclosure 
including a plurality of bay slots, the method comprising the 
steps of: 

aligning the data storage with one of the bay slots of the 
module enclosure; 

inserting the data storage module into the module enclo- 
sure by shding the data storage module forwardly along 
the selected bay slot until multiple pin connectors of the 
data storage module and the module enclosure make 
contact; and 

completing insertion of the data storage module by push- 
ing a latch lever of the latch mechanism forwardly into 
a latched position, this pushing motion rotating the 
latch lever to bring a notch formed in the latch lever in 
firm contact with a lock rail provided within the module 
enclosure and to position a latch member catch within 
a catch notch of a latch lever retainer to push the data 
storage module forwardly to achieve full engagement 
between the multiple pin connectors of the data storage 
module and the module enclosure. 

29. The method of claim 28, wherein the step of aligning 
the data storage device comprises aligning guide rails pro- 
vided on the data storage module with channels provided in 
alignment guides mounted within the module enclosure. 

30. The method of claim 29, wherein the step of inserting 
the data storage module into the module enclosure com- 
prises sliding the guide rails of the data storage module 
along the channels of the alignment guides. 

31. The method of claim 28, wherein the latch lever locks 
in the latched position to secure the data storage module in 
a hard mounted orientation within the module enclosure. 

32. The method of claim 28, wherein the final portion of 
insertion of the data storage module is completed against the 
force of a compliant lab provided within the module enclo- 
sure that acts as a resilient stop to relieve fonce that would 
normaUy be transmitted to the connectors and to limit 
insertion of the data storage module to ensure that over 
engagement of the connectors does not occur. 

33. The method of claim 32, wherein the compliant tab is 
integraUy formed with a chassis provided within the module 
enclosure. 

34. The method of claim 28, further comprising the step 
of removing the data storage module from the module 
enclosure by 

releasing the latch lever from the latched position, 
pulling the latch lever outwardly until the multiple pin 

connectors are fully disengaged, and 
pulling the data storage module outwardly from its bay 

slot. 

35. The method of claim 34, wherein the step of releasing 
the latch lever comprises depressing a finger tab formed on 
the latch lever to release a catch formed on the latch lever 
from a catch notch formed on the latch mechanism. 

36. The method of claim 34, wherein the step of pulling 
the latch lever outwardly rotates the latch lever to urge the 
latch lever notch against the lock rail to push the data storage 
outwardly from the module enclosure to disengage the 
multiple pin connectors. 

37. The method of claim 34, wherein the step of pulling 
the data storage module outwardly from its bay slot com- 
prises securely gripping the data storage module by wrap- 
ping one's fingers around a bezel mounted on the data 
storage module and placing one's fingers through a finger 
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Opening formed io the data storage module such that one's storage module with one's fingers wrapped around the bezel 

fingertips are positioned within a finger cavity formed in the and one*s fingertips di^osed in the finger cavity formed in 

bezel. the bezel. 

38. The method of claim 37, further comprising the step 
of carrying the data storage module by gripping the data * ♦ » ♦ ♦ 
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ABSTRACT: 

A data storage module and enclosure system generally 
comprising a data 

storage module enclosure and a plurality of data storage 
modules . The module 

enclosure includes top and bottom guide plates that define 
a plurality of data 

storage module bay slots. Normally, the top guide plate 
includes a plurality 

of compliant tabs that are adapted to engage the data 
storage modules when 

fully inserted, and a lock rail that is used secure the 
module in place within 

its bay slot. The data storage modules each include a data 
storage device, 

such as a disk drive, and a module carrier. The module 
carrier includes a 

canister having an open configuration. Normally mounted to 
the front side of 
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the canister is a bezel which is contoured to fit the 
user's hand and which 

includes a finger cavity that facilitates carrying of the 
module . 

38 Claims, 8 Drawing figures 
Exemplary Claim Number: 1 
Number of Drawing Sheets: 5 
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